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PEPTIDE KETOAMIDES, KETOACIDS, AND KETOESTERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

S This invention relates to a novel class of peptide ketoesters, peptide ketoacids, and 

ketoamides usefiil for selectively inhibiting serine proteases, selectively inhibiting cysteine 
proteases, generally inhibiting ail serine proteases, and generally inhibitug all cysteine 
proteases. Serine proteases and cysteine proteases are involved in numerous disease states and 
inhibitors for these enzymes can be used therapeutically for the treatment of diseases involving 

10 serine proteases jhT cysteine proteases. We have discovered thafpeptidc a-ketoesters, peptide 
a-ketoacids, and a-ketoanudcs can be constructed to inhibit selectively individual serine or 
cysteine proteases or groups of serine or cysteine proteases. We have found that peptide 
ketoesteis. ketoadds, and ketoamides which contain hydrophobic aromatic amino acid residues 
in the Pi site are potent inhibitors of chymases and chymotrypsin-like enqrmes. Ketoesteis, 

IS acids, and amides containing small hydrophobic amino acid residues at die Pj position are good 
inhibitors of elastases. Inhibitors of elastases and chymases are useful as anti-inflammatoiy 
agents. We have found that peptide ketoesters, amides, and acids which contain cationic amino 
acid residues such as Arg and Lys in the Pi site are potent inhibitors of trypsin and blood 
coagulation enzymes. These inhibitors are thus useful as anticoagulants. Cysteine proteases 

20 such as papain, cathepsin B, and calpain I and II are also inhibited by ketocsters. Ketoesters, 
acids, and amides with aromatic amino acid residues in the Pi site would be good inhibitors for 
cathepsin B and papain. Thus, they would have utility as anticancer agents. Ketoesters, 
ketoacids, and ketoamides widi either aromatic amino acid residues or small hydrophobic alkyl 
amino acid residues at Pi are good inhibitors of calpain I and XL These inhibitors are useful as 

25 neuroprotectants and can be used as dierapeutics for die treatment of neurodcgeneration. 

2. Nomenclature 

In discussing the interactions of peptides with serine and cysteine proteases, we have 
utilized the nomenclature of Schechter and Bergcr [Biochem. Biophys. Res. Commun. 27, 
157-162 (1967); incorporated herein by reference]. The individual amino acid residues of a 
30 substrate or inhibitor are designated Pi, P2, etc. and die corresponding subsites of the enzyme 
are designated Si,S2, etc. The scissile bond of the substrate is Si -Si'. The primary substrate 
recognition site of serine proteases is S 1 . The most important recognition subsites of cysteine 
proteases are Si and S2. 

Amino acid residues and blocking groups are designated using standard abbreviations 
35 (sec J. Biol. Chem. 260, 14-42 (1985) for nomenclature rules; incorporated herein by 
. reference]. An amino acid residue (AA) in a peptide or inhibitor structure refers to the part 
stracture -NH-CHRi-CO-, where Ri is the side chain of the amino acid residue AA. A peptide 
a-ketoester residue would be designated -AA-COOR which represents the part structure -NH- 
CHRi-CO-CO-OR. Thus, the ethyl ketoester derived from benzoyl alarune would be 



SUBSTITUTE SHEET 



wo 92/12140 



PCr/US91/09801 



-2- 

designated Bz-Ala-<:0-OEt which represents CeHsCONH-CIIMe-CO-COOEt Likewise, 
pqstide Ixtoacid residues and peptide ketoamide residues would be designated - AA-CO-OH and 
-AA-CO-NH-R respectively. Thus, die ethyl keto amide derived from Z-Leu-Phe-OH would 
be designated Z-Leu-Phe-CONH-Et which represents Q5H5CH2PCO-bffl-CH(CH2CHMe2)- 
5 CO-NH-CH(CH2Ph)-C0-C0-NH-EL 
3. DescripdoQ of die Related Art 

Serine Proteases. Serine proteases play critical roles in several physiological processes 
such as digestion, blood coagulation, complement activation, fibrinolysis, viral infecdon, 
fertilizariai, and reproduction. Serine proteases arc not only a physiological necessity, but also 

10 a potential hazard if they are not controlled. Uncontrolled proteolysis by elastases may cause 
pancreatitis, emphysema, rhff™^^^d arthritis, hroncfaial inflammation and adult respiratory 
distress syndrome. It has been suggested that a new trypsm-like cellular enzyme (tryptase) is 
involved in the infection of human immunod^ciency virus type I [HIV*l; Hattori et aL» FEBS 
LettersTAH, pp. 48-52 (1989)], which is a causadve agent of acquired immunodeficiency 

15 syndrome (AIDS). Plasmin is involved in tumor invasiveness, tissue remodeling, blistering, 
and clot dissociation. Accordingly, specific and selective inhibitors of these proteases should 
be potent anticoagulants, anti-inflammtory agmts, anti-tumor agents and anti-viral agents useful 
in the treatment of protease-rdated diseases powers and Harper, Proteinase InMbUors^ pp 55- 
152, Barrett and Salvesen, eds., Hsevier. (1986); incorporated herein by reference]. In vitro 

20 proteolysis by chymotrypsin, trypsin or the elastase family is a serious problem in the 
production, purification, isolation, transport or storage of peptides and proteins. 

Elastase inhibitors are anti-inflaromatory agents which can be used to treat elastase- 
assodatedinflanmtaticm including rfaeuxnatoidartiuitis and einphysem^ Although the naturally 
occurring protease inhibitor, al-protease inhibitor (al-Ft) has been used to treat patients witii 

25 emphysema, this pcoteia inhibitor is not widely used dmically due to the high dosage needed 
for treatment and the di£Scul^ of producing large quantities. Therefore small molecular weight 
elastase inhibitors are needed for therapy. Other low molecular weight elastase inhibitors have 
utility for the treatment of emphysema and inflammation (see: l-carpapenem-3-carboxylic esters 
as anti-inflamxnatory agents, U.S. Patent 4,493,839; N-carboxyl-thienamycin esters and 

30 analogs tineof as anti-infiammatxny agents, XJJS. Patent 4,495,197; incorporated herein by 
reference). 

Anticoagulants and antithrombotic drugs are used in a variety of thrombotic disorders. 
The 1990 Physician's Desk Refisrence lists several anticoagulant drugs (heparin, protamine 
sulfate and war&rin), a few antiplatelet drugs (aspirin) and several thrombolytic agents. 
35 Heparin arid wariarin are cotiirrionly used cliidcally for prevention and treatment of venous 
thrombosis and pulmonary embolism. Heparin inhibits the blood coagulation activi^ by 
accelerati n g the binding of natural plasma protease hihibitor antithrombin III with coagulation 
factors, and warfarin acts as a vitamin K antagonist and inhibits the synthesis of coaguation 
factors. None of die anticoagulant drags, antithrombotic drugs, fibrinolytic agents and 
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antiplatelet drugs arc highly effective in all clinical situations and many induce side reactions 
[Von KauUR, Burger's Medicinal Chemistry, Part II. pp 1081-1132, Wolff, eA, (1979); 
incorporated herein by rcfcrencej. Coagulation disorders such as disseminated intravascular 
coagulation, bleeding complications of medical and surreal procedures and bleeding 
5 complicatiOTs of systemic illness are still difficult to manage [Ingram, Brozovic and SIatBr» 
Bleeding Disorders, pp 1-413, Blackwell Scientific Publications, (1982); incorporated herein 
by referencej. In the treatment of patients with coagulation problems, anticoagulant or 
antithrombotic agents of diverse mechanisms are urgendy sought in order to provide better 
medicalcare. Inhibitors for die trypsin-likeenzyrnes invoked in blood coagulation are us 

10 anticoagulants in vivo [see for example: H-D-Phe-PK>-Arg-CH2C1, Hanson and Haiker, Proc. 
Nad. Acad. Sci. 85. 3184-3188 (1988); 7-Amino-4.chloio-3-(3- 
isothiureidopropoxy)isocoumarin (ACITIC), Oweida, Ku, Lumsdcn, Kam, and Pbwexs, 
Thrombos. Res. 58, 191-197 (1990); incorporated herein by reference]. 

Cysteine Proteases. Cysteine proteases such as calpain use a cysteine residue in their 

15 catalytic mechanism in contrast to serine pn>tBase8 which utilizB a serine r^ Cysteine 
proteases include papain, cathepsin B, calpains, and several viral enzymes. Neural tissues, 
including brain, are known to possess a large variety of proteases, including at least two 
calcium stimulated proteases termed calpains* Calpains are present in many tissues in addition 
to the brairL Calpain I is activated by micromolar concentrations of calcium while calpain n is 

20 activated by miUimolar concentrations. In the brain, calpain H is the predominant form, but 
calpain I is found at synaptic endings and is thought to be the form involved in long term 
potentiation, synaptic plastidor, and cell death. Other Ca2+ activated cysteine proteases may 
exist, and the term "calpain" is used to refer to all Ca2+ activated cysteine proteases, including 
calpain I and calpain EL The terms "calpain I" and "calpain JT are used herein to refer to the 

25 nucromolar and millimolar activated calpains, respectively, as described above. While calpains 
degrade a wide variety of protein substrates, cytoskeletal proteins seem to be particulariy 
susceptible to attack. In some cases, the products of the proteolytic digestion of tiiesc proteins 
by calpain are distinctive and penistent over time. Since cytoskeletal proteins are major 
components of certain types of cells, this provides a simple method of detecting calpain activity 

30 in cells and tissues. Thus, calpain activation can be measured indirecUy by assaying die 
proteolysis of the cytoskeletal protein spectrin, which produces a large, distinctive and 
biologically persistent breakdown product when attacked by calpain [Siman. Baudry, and 
Lynch, Proc. Nazi. Acad. Sci. USA 81, 3572-3576 (1984); incorporated herein by referencej. 
Activation of calpains and/or accumulation of breakdown products of cytoskeletal elements has 
35 been observed in neural tissues of mammals exposed to a wide variety of neurodegenerative 
diseases and conditions. For example, Uiese phenomena have been observed following 
ischemia in gerbils and rats, following stroke in humans, following admirustration of the toxins 
kainate. nimethyltin or colchicine in rats, and in human Alzheimer's disease. 
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Sevoal inhibitDrs of calpain have been desciibed including peptide aldehydes such as 
Ac-Leu-Leu-Nle-H and leupeptin (Ac-Leu-Leu-Arg-H), as wcU as cpoxysucdnates such as E- 
64. These compounds are not especially useful at inhibiting calpain in neural tissue in vivo 
because they are poorly membrane pcnneant and, accordingly, are not likely to cross the blood 

5 biain barrier very well. Also, many of these inhibitors have poor specificity and will inhibit a 
wide variety of pn^eases in addition to calpain. In addidon, other classes of compounds ix4iich 
inhibit cysteine proteases include peptide diazometiQrl ketone (Rich, D. H., in Protease 
Inhibitors, Barrett A. L, and Salversen, G., Eds., Elsevier, New York, 1986, pp 153-178; 
incoporated herein by reference). Peptide diazomethyl ketones are potentially carcinogenic and 

10 are thought to be poorly membrane permeant and to have low specificity. Thus, no effective 
therapy has yet been developed for most neurodegenerative diseases and conditions. Millions 
of individuals suffer from neuiodegenerarive diseases and tiius, there is a need for therapies 
effective in treating and prevmting these diseases and conditions. 

Cathepsin B is involved in muscular dystrophy, myocardial tissue damage, mmor 

15 metastasis, and bone resorption. In addition, a number of viral processing enzymes, which arc 
essential for viral infection, are cysteine proteases. Inhibiton of cysteine proteases would have 
multiple tiierapeutic uses. 

Kmesters. A few amino acid and peptide ketoesters and ketoacids have been 
previously reported. Comforth and Comfortii [/. Chem. Soc, 93-96 (1953); incorporated 

20 herein by refcrmcel report die syndiesis of the ketoacids PhCH2C0-Gly-CaOH and Ac-Gly- 
CO-OH upon hydrolysis of heterocyclic molecules. Charles et al. [/. Chem. Soc. PeHdnl, 
1 139-1 146 (1980); incorporated herein by reference] use ketoesters for the synthesis of bicyclic 
heterocycles. They report the syndiesis of n-BuCO-Ala-CCW)Et,PrCX>Ala-C(>OEt, 
cyclopentylCJOAla-COOEt, PiCOPhGly-CX)-OEt, and B2-Ala-CXK>EL Hot et aL 

25 [Pepndes: Structure and FunctionrProceedings of die Ninth American Peptide Symposium 
(Deber, Hroby, and Kopple, Eds.) Pierce Chemical Co., pp 819-822 (1985); incorporated 
herrin by reference] report Bz-Ala-COOEt, Bz-Ala-CO-OH, Z-Ala-Ala-Abu-CO-OEt, Z-Ala- 
Ala-Abu-CO-OBzi, and Z-Ala-AIa-Ala-Ala-CO-OEt (Abu = 2-aminobutanoic acid or a- 
aminobutyric acid) and rep<A that these compounds inhibit elastase. Trainer \Tretuis Phamu 

30 Sci. 8, 303-307 (1987); incorporated hoein by reference] comments on one of this 

conqwunds. Boridiart, J., Peet, N. P., and Bey, P. [Tetrahedron Lett. 29, 3433-3436 (1988); 
incGipaaied herein by reference] repor t the symhesis of Z^VatPhe-CO-ONfe and Bz-Fhe-CO- 
OMe. 

Mehdi et aL [Biochem. Biophys. Res. Comm. 166, 595-600 (1990); incorporated 
35 herein by reference] report the inhibition of human neutrophil elastase and cathepsm G by 

peptide a^keioesters. Angelastro et aL, [/. Med Chem. 33. 13-16 (1990); incorporated herein 
by reference} report soixiea-ketoesters which are iiihibibsts of ca^>ainaiidchynK^ Hu 
and Abeles {Arch. Biochem. Biophys. 281, 271-274 (1990); incorporated herein by reference] 
report some peptidyl a-ketoaxiudes and Orketoacids which are inhibitors of cathq)sin B and 
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papain. Pcet et al. [/. Med, Chem. 33. 394^7 (1990); incorporated herein by reference) 
repot some pepiidyl a-kecoesim which are inhibitors of porcine pancreatic eiastase, human 
neutrophil elastase* and rat & human neutrophil cathepsin G. 

Ketoarmdes. A single peptide ketoamide is rq)ortedin the liteiature by Hu and Abeles 
5 [Arctu Biochem. Biophys, 281, 271-274 (1990)J. TTiis compound Z-Phe-NHCH2CaC0- 
NH-Et or Z-Phe-Gly-CONH-Et is reputed to be an inhibitor of papain (Ki = I J jxM) and 
cathepsin B (K^ 4 ^MX 

SUMMARY OF THE INVENTION 
10 We have discovered that pq>dde and amino add a-ketoesier. a-ketoacid, and o- 

ketoamide derivatives are a novel group of inhibitors for serine proteases and cysteine 
proteases. Inhibitors are compounds that reduce or eliminate the catalytic activity of the 
enzyme. We have discovered that peptide and amino acid a-ketoester, a-ketoacid, and a- 
ketoamide derivadves, which have an amino acid sequence similar to that of good substrates for 

15 a particular protease, are good inhibitors for that protease. Thus, we are able to predict the 
strucmre of new inhibitors for other serine and cysteine proteases based on knowledge of their 
substrate specificities. 

We have discovered some peptide and amino acid a-ketoester, a-ketoacid, and a- 
ketoamide derivatives which are specific inhibitors for trypsin, elastase, chymotiypsin, 

20 granzymes, and other serine proteases, and some of the derivatives which are general inhibitois 
for groups of serine proteases. Tiypsin and trypsin-Iike enzymes nwrnally cleave peptide 
bonds in proteins and peptides where the amino acid residue on the carbonyl side of the split 
bond (Pi residue) is Lys or Arg. Peptide and amino acid a-ketoesier, a-keioacid, and a- 
ketoamide derivatives which have Lys or Arg at Pj are thus good inhibitors for these enzymes. 

25 Elastase and elastase-like enzymes cleave peptide bonds where tiie Pi amino acid is Ala, Val, 
Ser, Leu and other similar amino acids, bhibitors wiA these residues at P] are good elastase 
inhibitors. Chymotrypsin and chymoirypsin-like enzymes hydrolyzc peptide bonds where Pi 
amino acid is Trp, Tyr, Phe, Met, Leu or other amino acid residues which contain aromatic or 
large alkyl side chains. Inhibitors witii tfiese residues at ?i are good chymotrypsin and 

30 chymase inhibitors. All of the above enzymes have extensive secondary specificiQr and 
recognize amino acid residues removed from the Pi residue. 

The new protease inhibitors, especially the elastase inhibitors, tiypsin inhibitors, and 
chymase inhibitors are useful for controlling tissue damage and various inflammatory 
conditions mediated by proteases such as blistering. TTjc inhibitors for blood coagulation 

35 enzymes are useful anticoagulams and could be used to treat thrombosis. 

TTie peptide and amino acid a-ketoester, a-ketoacid, and a-keioamide derivatives are 
also useful in vitro for inhibiting trypsin, elastase, chymotrypsin and otiier serine proteases of 
similar specificity, and for inhibiting serine proteases in general The inhibitors can be used to 
identify new proteolytic enzymes encountered in research. They can also be used in research 
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and industrially to pievcm undcsiied proteolysis that occurs during the production, isolation, 
purification, transport and storage of valuable peptides and proteins. Such proteolysis often 
destroys or alters the activity and/or function of the peptides and proteins. Uses would include 
the addition of the inhibitois to antibodies, enzymes, plasma proteins, tissue extracts or other 

5 proteins and peptides which are widely sold for use in clinical analyses, biomedical research, 
and f(v many other reasons. For some uses a specific inhibitor would be desirable, while in 
other cases, an inhibits with general specificity would be preferred. 

The peptide and amino acid a-ketoestcr, a-ketoacid, and a-ketoamide derivatives are 
also novel and potent inhibitors of cysteine proteases including calpains, cathepsin B, and 

10 papain. Hie calpain inhibitors are useful for treatment of various neurodegenerative diseases 
and conditions, including ischemia^ stroke, and Alzheimer's disease. 

DETAILED DESCRIPTION OF TEIE INVENTION 
Peptide a-ketoesters, peptide a-ketoadds, and peptide a-ketoamides are transiti<» state 

15 analog inhibitors for serine proteases and cysteine proteases. Peptide ketoesters containing 
hydrophobic amino add residues in the Pi site have been found to be excellent inhibitors of 
several soine proteases itic^inritng human leukocyte elastase, porcine pancreatic elastase, human 
leukocyte cathq)sinG, and bovine cbymotrypsitL Peptide ketoesters containing amino acid 
residue with eationic side chain in the Pi site have been found to be excellent inhibitors of 

20 several senne proteases including bovine trypsin, bovine thrombin, human plasma kallikrein, 
porcine pancreatic kallikiein, human factor XIa and human plasmin. Peptide ketoesters 
containing amino add residues with hydrophobic side chain at the P| site have also been found 
to be excellent inhibitors (^several cysteine proteases including papain, catiiepsin B and 
calpaiiu These structures may be used in vwo to treat diseases such as entphysema, adult 

25 icspiraiory distress syndrome, rheumatoid arthritis and pancreatitis which result from 

uncontrolled proteolysis by elastase, chymotrypsin, trypsin and related serine proteases. These 
inhibitors may be used in vitro to prevent proteolysis which occurs in the process of 
production, isolation, purification, storage or transport of peptides and proteins. These 
inhibitors may be useful as therapeutic agents for treatment of neurodegeneration. viral 

30 infections, muscular dystrophy, myocardial tissue damage, tumor metastasis, and bone 
resorption. 

The novel class of peptide a-ketoamidcs have the following structural formula: 
M1-AA-NH-CHR2-CO-CO-NR3R4 
or a pharmaceutically acceptable salu wherein 
35 Ml represents H. NH2-CO-, NH2-CS-, NH2-SO2-, X-NH^O-. X2N-CO-, 

X-NH-CS., X2N.CS., X-NH-SO2-. X2N^02-, X-CO-, X-CS-, X-SO2-, X-0-CO-, or X- 
0-CS-; 

X is selected from die group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Cmo alkyl 
substituted with J, Ci-io fluoroalkyl substimted witfi J, l-admantyU 9-fluorenyl, phenyl. 
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phenyl substituted with K, phenyl disubstitutcd with K. phenyl trisubsiimted with K, naphthyl, 
naphthyl substituted with K, naphdiyi disubsdtuted with K, naphthyl trisubstituted with 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, Ci-io alkyl with two attached 
5 phenyl groups substituted with K, Cmq alkyl with an attached phcnoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-iQ alkylanune, C2-12 dialkylamine, Ci-io alkyl-O-CO-, Ci-iQ alkyl-0-CX>- 
NH-, and C 1. 10 alkyl-S-; 

10 K is selected from the group consisting of halogen, Cj.iq alkyl ^UIQ perfluoroalkyl, 

Ci.io alkoxy, NO2, CN, OH. CO2H, amino, Ci.jq alkylanuno, C2-12 dialkylamino, Ci- 
Cio acylf and Cj.io alkoxy-CO-, and Ci.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chiiality at the a-carbon selected iiom the group consisting of alanine, 

IS valine, leucine, isoleucine, proline, methionine, metiuonine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutaminc, aspartic acid, 
glutamic acid, lysine, argininc, histidine, phcnylglycine, beta-alanine, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, saxcosine, indoline 2-carboxylic acid, 2-azctidinecarboxylic acid, pipecolinic 

20 acid (2.piperidine carboxylic acid), O-methylscrine, O-ctiiylscrine, S-methylcysteine, S- 
cdiylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOa alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopcntylK:OOH, NH2-CH(CH2-cyclobutylKOOH, 
NH2-CH(CH2-cyclopropyl)-COOH, irifluoroleucine, and hcxafluoroleucine; 

25 R2 is selected from the group consisting of C i.g branched and unbranched alkyl, Ci.g 

branched and unbranched cyclized alkyU and Ci.g branched and unbranched fluoroalkyl; 

R3 and R4 are selected independently from the group consisting of H, C1.20 alkyl, C]. 
20 cyclized alkyl, C i .20 alkyl witii a phenyl group attached to die C1.20 alkyl, C1.2O c^clired 
alkyl witii an attached phenyl group, C1.20 alkyl with an attached phenyl group substituted 

30 with K, C 1.20 alkyl witii an attached phenyl group disubstimted with K, C 1 .20 alkyl witii an 
attached phenyl group ttisubstimted with K, C1.20 cyclized alkyl with an attached phenyl 
group substituted witfi K, Cmq alkyl widi a moipholine [-N(CH2CH2)0] ring attached 
tiuough nitrogen to tiie alkyl Cj.iq alkyl widi a piperidine ring attached through nitrogen to 
the alkyl, Cj.iq alkyl with a pyrrolidine ring attached through nittogen to die alkyl, C1.20 

35 alkyl witii an OH group attached to die alkyl, -CH2CH2OCH2CH2OR Ci.io witii an attached 
4-pyridyl group. Ci.io witii an attached 3-pyridyl group. Cj. 10 an attached 2-pyridyl 
group, Ci.io widi an attached cyclohexyl group, -NH-CH2CH2-(4.hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 

The novel class of peptide a-ketoamides also have die following structural formula: 
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Mi-AA2-AAi-CONR3R4 
or a phannaceutxcally accq^table salt, wheitin 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-. 
X-NH-CS-, X2N.CS-, X-NH.SO2-. X2N-SO2-, X-CO. X-CS-, X-SO2-, X-0-CO-, or X- 
5 O-CS-: 

X is sdectcd ftom the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
substimted with J, Ci-iQ fluoroalkyl substituted with J, l*adnianQrl, 9-fluoteayU phenyl 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substimted with K, naphthyl disubstituted with naphthyl trisubstituted widi K, 

10 Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 alkyl widi an attached phenyl group substituted widi K, Cmo aD^l with two attached 
phenyl groups substituted widi K, Cmo allgri with an attached phenoxy group, and Ci-io 
aO^l wiifa an annrhft^ phenoxy group substituted with K on the phenoxy group; 

J is selected from die group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 

15 10 alkoxy, Ci-io aligrlamine, 02-12 diallqriamine, Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-. andCi.io alkyl-S-; 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.io perfluoroallgrl, 
Cuo alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.jo alkoxy-CO-, and Chq allqrl-S-; 

20 AA 1 is a side chain blocked or unblocked amino acid with the L configurati(xi, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, histidine, phenylglycine, beta-aiaiune, nofleudne, norvaline, alpha- 

25 aminobutyric acid, epsilon-aminocaproic acid, dtruIUne, hydroxyprolixw, ornithine, 

homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarboxylic add, pipecolinic 
acid (2-pipcridine carboxylic acid), O-metiiylserine, O-ethylserine, S-methylcysteine, S- 
ediylcysteine, S-benzylcystdne, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2.napUiyl)-COOH, NH2-CH(CH2- 

30 cydohexyD-COOH. NH2-GH(CH2-cyclopeniyl)-COOH, NH2-CH(CH2-cydobutyl).COOH. 
NH2-CH(CH2-cycloptopyl)-COOH, triflucnoleudne, and hexafluorolencine; 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting of alanine, 
valine* leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

35 tryptophan, glycine, serine, threonine, cysteine, Qrrosine, asparagine, glutanune, aspartic add, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-aianine, norieudne, norvaline, 
alpha-aminobu^ric acid, epsilon-aminocaproic add, dtndline, hydroxyproline, ornithine, 
homoargiiune, sarcosine, indoline 2-carboxylic acid, 2-azendinecarboxylic add, pipecoUnic 
add (2-piperidine carboxylic add), O-metfaylsoine, O-ethylserine, S*methylcysteine, S- 
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ethylcystdnc S-benzylcysteme, NH2-CH(CH2CHEt2)-COOH. alpha-aminoheptanoic acid, 
NH2-C3J(CH2-l-napthyl)-COOH, NH2-CH{CH2-2-napthyl)-COOH. NH2-CH«:H2- 
cyclohcxylKOOH, NH2-CH(CH2-cyctopcntyl)-CCX)H. NH2<H(C3i2-cyclobutyl)-CCX)H. 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoioteucine. and hexafiuoioleucine; 
5 R3 and R4 are selected independenUy from the group consisting of a C1.20 alkyl. Ci. 

20 cycUzed alkyl, C1.20 alkyl with a phenyl group attached to the Ci.20 C1.20 cyclLed 
alkyl with an attached phenyl group, Ci.20 alkyl with an attached phenyl group substituted 
with K, C1.20 alkyl with an attached phenyl group disubstituted with K, C1.20 alkyl with an 
attached phenyl group ttisubstitated with K, C1.20 cydized alkyl with an anached phenyl 
10 group substimied with K. Cliq alkyl with a nunpholine [-N(CH2CH2X)1 ring attached 
through nitrogen to the alkyl, Ci.io alkyl with a piperidine ring attached through nitrogen to 
the alkyU Ci.io alkyl with a pyrrolidine ring attached Arough nitrogen to the alkyl, Ci.20 
alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH. C^o with an'attached 
4-pyridyl group. Ci.jq with an attached 3-pyridyl group, Ci.io wi* an attached 2-pyridyl 
group. Cmo with an attached cyctohexyl group, -NH-CH2CH2-(4.hydroxyphenyl). and - 
NH-CH2CH2-(3-indolyl). 

The novel class of peptide a-ketoamides also have the following stmcuial fonaula: 
M1-AA-AA-AA-CO-NR3R4 
or a phannaceutically acceptable salt, wherein 

Ml represents H. NH2-<X)-. NH2-CS-. NH2-SO2-. X-NH-CO-. X2N-CO-. 
X.NH-CS-, X2N-CS-, X-NH.SO2-. X2N.SO2-, X-CO-, X-CS-. X-SO2-. X-aCO-. or X- 
O-CS-; 

X is selected from the group consisting of Cmq alkyl. Cmq fluoioalkyl, Ci-io alkyl 
substinited with J. Ci-io fluoroalkyl substituted with J. l-admantyl. 9-fluoienyl, phenyl. 
25 phenyl substituted with K. phenyl disubstituted with K, phenyl trisubstituted with K, naiJhthyl, 
naphthyl substituted widi K, naphthyl disubstimted with K, naphdtyl trisubstimted with K, 
Clio alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups. Ci. 
10 alkyl with an attached phenyl group substituted with K, Cmq alkyl with two attached 
phenyl groups substituted with K. Cmo alkyl with an attached phenoxy group, and Cmq 
30 alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH. OH. CN. NO2, NH2, C\. 
10 alkoxy, Ci-io alkylamine. C2.12 dialkylamine. Cmq alkyl-O-CO-. Ci-io alkyl-O-CO- 
NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen. C^o alkyl. Ci.iq perfluoroalkvl. 
Ci.io alkoxy. NO2. CN. OH. C02a amino, Cmq alkyhmuno, C2.12 dialkylamino. Cj-' 
Cio acyl, and Ci.iq alkoxy-CO-. and Ci.iq alkyl-S-: 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chiiality at the a-carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, metiiionine, methionine sulfoxide, phenylalanme. 
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tryptophan, glycine, sennc threonine, cysteine, tyrosine, asparagine, glutamine. aspartic acid, 
glutamic acid, lysine, arginine, histidinc, phcnylglycinc, bcta-alanine, norlcucine, nonraline, 
alpha-aminobu^ric acid, epsilon-aminocaproic acid, citnilline, hydroxyproline, ornithine, 
homoarginine» sarcosine, indoline Z-carboxylic acid, 2-azeddinecarboxylic add, pipecolinic 

5 acid (2-p^)eridine cartx^lic acid)> Ometfaylserine, O-ethylsmne, S-mediylcysteine, S- 
ethyl^steine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-axninoheptanoic acid, 
NH2-CH(CH2-l-naptfiyl)-CCX)H, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexylKOOH, NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

10 R3 and R4 are selected independently fiom the group consisting of H, Cx.20 C^. 

20 cyclized alkyU C1.20 3II7I with a phenyl group attached to the C1.20 alkyl C1.20 c^dized 
aO^l widi an attacted phenyl group, C1.20 alkyl wiifa an attached phenyl group substituted 
with K, C1.20 alkyl with an attached phenyl group disubstituted with K, C1.20 with an 
attached phenyl group trisubstituted widi K, C1.20 cyclized alkyl with an attached phenyl 

15 group substituted with K, Ci^iQ alkyl with a motpholine [-N(CH2CH2)01 ring attached 
through nitrogen to the dSkyU Ci^iq alkyl with a piperidine ring attached through nitrogen to 
the alkyU C 1. 10 aflcy 1 wiA a iqnrolidine riong attached through nitrogen to the all^l, C 1.20 
alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Ci.io with an attached 
4-pyridyl groiq>, Ci.io widi an attached 3-pyridyl group, Ci.iq ^n attached 2-pyridyl 

20 group, C 1.10 ^ attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 

The novel dass of peptide a-ketoaxnides also have the following structural fotmula: 
M1-AA-AA-AA-AA-CO-NR3R4 
oca phannacenticaUy accq>table salt, wherein 

25 Ml represents H, NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-, 

X-NH-CS-. X2N^-. X-NH-SO2-, X2N^2-. X^O-, X-CS-, X-SO2-, X-0-CO-, or X- 
0-CS-; 

X is selected from the group consisting of Ci^io alkyl, Ci-io fluoroaikyl, Ci-io alkyl 
substituted with J, Ci-io fluoroaikyl substituted with J, l-admantyl, 9-fluotenyl, phenyl, 

30 phenyl substituted with K, phenyl disubstituted widi K, phenyl trisubstituted witii K, naphtiiyl, 
naphthyl substimted widi K, naphtiiyl disi^stituted with K, naphthyl trisubstimted widi K« 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Cj. 
10 alkyl with an attached phenyl group substituted with K, Ci-iO aUcyl with two attached 
phenyl groups substituted widi K, Ci- 10 alkyl with an attached phenoxy group, and Ci-io 

35 aSkyl widi an attached phenoxy group substimted with K on the phenoxy group; 

J is selected from die group consisting of halogen, COOH, OH, Of, NO2, NH2> Ci. 
10 alkojgr, Ci-io allqrlamine, C2-12 dialkylamine, Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and Cj.io aU^i-S*: 
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K is selected from the group consisting of halogen. C^o alkvl. Cmq perfluoroaUcyl. 
Clio altoxy. N02. CN. OH. COjH. amino, Cj.io alkylamino. C2.12 dialkylamino. Cj- 
Cio acyl, and Ci.jo alkoxy-CO-, and C^iq al^l-S-; 

A A is a side cliain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected firom the group consisting of alanine, 
valine, leucine, isoleucine. proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutamine, aspartic acid, 
glutamic acid, lysine, aiginine. histidine, pheijylglycine, beta-alanine, norieucine, norvalinc. 
alpha-aminobutyric acid, cpsilon-aminocapiDic add, dtrulline.hydn>xyproto ' 
homoaiginine, sarcosine, indoline 2-caiboxylic add, 2-a2etidinecaiboxylic add, pipecoliitic 
acid (2-pipcridine caiboxylic acid), O-methylserinc. Oethylscrine. S-methylcystdne, S- 
ethylcystdne, S-benzylcystdne, NH2-CH(CH2CHEt2>CX)OH. alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH. NH2-CH(CH2-2-napthyl)-COOH. NH2-CH(CH2- 
cydohexylKOOH, NH2-CH(CH2-cyclopeniyl)-COOH, NH2-CH(CH2<yclobutyl).COOH, 
iNH2-CH(CH2-cycIopropyI)-COOH. trifluoroleudne, and heMnuoroleucine; 

R3 and R4 are selected independently fiom the group consisting of H, Ci.20 Ci 
20 cyclized alkyl, C1.20 alkyl with a phenyl group attached to the C1.20 C1.20 cydized 
alkyl with an attached phenyl group. C1.20 alkyl witii an attadied phenyl group substitixted 
with K. C1.20 alkyl with an attached phenyl group disubstituted widj K, Ci 20 alkyl witii an 
attadwd phenylgroup tiisubstituted with K, C1.20 cyclized alkyl witii an attached phenyl 
group substituted widi K, Ci.,o alkyl witii a nuHpholine (.N(CH2CH',)0] ring attached 
Uirough nitrogen to tiie alkyl. C^o alkyl witii a piperidine ring attadied tiirough nitrogen to 
die alkyl. C]. 10 alkyl witii a pyrrolidine ring attached tiuough nitrogen to tite alkyl, Cj 20 
alkyl witii an OH group attached to tiie alkyl. -CH2CH20CH2CH20a Cmq witii an'anached 
4-pyndyl group. Cj.io widi an attadied 3-pyridyl group, Cmq witii an attached 2-pyridyl 
group. Clio witii an attached cyclohexyl group, .NH.CH2CH2-(4.hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 

TTie novel class of peptide a-ketoamides also have tiie following strucmral formula: 
M1-AA-CO-NR3R4 
30 or a phannaceuticallyaccq>table salt, wherein 

Ml represents H, NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO-, Xr)N-CO- 
X-NH-CS-. X2N-CS-, X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-. X0<:0-. or X- 
0-CS-: 

X is selected from tiie group consisting of Cmq aDcyl Cmo fluoroalkyl, Cmq alkyl 
35 substituted witii J. Cmq fluoroalkyl substituted widi J. l-admantyl. 9-nuorenyl. phenyl, 
. phenyl substituted witii K, phenyl disubstituted widi K. phenyl trisubstituted witii K. naphtiiyl. 
naphdiyl substituted witii K. naphtiiyl disubstituted witii K. naphtiiyl trisubstituted witii K. ' 
Cmo alkyl witii an attached phenyl group, Cmo alkyl witii two attached phenyl groups, Ci. 
10 alkyl witii an attached phenyl group substituted witii K, Cmo alkyl witii two attached' 
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phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci.io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
10 alkoxy, Cmo alkylamine, C2.12 diaB^Iamine. Ci-io aikyl-OCO, Cuo alkyl-O-CO- 
5 and C 1. 10 alkyl-S-; 

K is selected from the group consisting of halogen, Ci.xo ^1-10 perfluoroalkyl, 
Ci.xo aDtoxy, NO2, CN, OH, CO2H, amino. Ci.io allqrlamino. C2.12 diallqrlamino, Ci- 
Cio acyU and Chq alkoxy-CO-, and Ci.io allgrl-S-; 

AA is aside chain blocked or unblocked amino acid widi the L configuration, D 
10 configuradcxi, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine. proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycme, seiine. threonine, cysteine, tyrosine, asparagine, glutamine. aspartic acid, 
glutamic add. lysine, arginine, histidine. phenylglycine, beta-alanine. norleudne. norvaline. 
alpha-aminobttiyiic add. epsilon*aminocaproic acid, dtrulline. l^drracyprQline. ornithine, 
IS homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic add, pipecolinic 
acid (2-piperidine caiboxylic add), O-methylscrine, O-ethylserine. S-methylcysteine, S- 
ethylcysteine, S-benzylcystdne, NH2-CH(CH2CHEt2>COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-nap±yl)-COOH, NH2-CH(C3i2- 
cyclohexyO-COOH. NH2-CH(CH2<yclopentyl)«COOH, NH2-CH(CH2-cyciobutyl)-COOH, 
20 NH2-CH(CH2-cyclopr6pyl)-COOH. trifluoroleuctne. and hexafluGcolcudne; 

R3 and R4 are selected independently ftom the group consisting of H, €^.20 alkyl, C^. 
20 cyclized alkyl, Cx.20 alkyl with a phenyl group attached to the C|.20 all^l, C ijiq cyclizcd 
alkyl with an attached phenyl group. Cx.20 alkyl with an attached phenyl group substimted 
with K« C1.20 alkyl with an attached phenyl group disubstituted widi K, C1.20 alkyl with an 
25 attached phenyl group trisubstituted widi K, C1.20 cyclized alkyl with an attached phenyl 
group substimted with K. Ci.io aU^l with a morpholine [-N(CH2CH2X3] ring attached 
through nitrogen to the alkyl, C^. jo alkyl with a piperidine ring attached through nitrogen to 
the alkyl, C^.io alkyl with a pyrrolidine ring attached through nitrogen to the aU^l, C1.20 
alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Ci-io with an attached 
30 4-pyridyl group. Ci«|0 an attacned 3-pyridyl group, Cx.io with an attached 2-pyiidyl 
group. Ci.io ^ attached cyclohexyl group. -NH-CH2CH2-(4-hydroxyphenyI). and - 
NH-CH2CH2-(3-indolyI). 

The novel class of peptide a-kett>add5 have the following structural foxmula: 
M1-AA-NH-CHR2-CO-CO-OH 
35 or a pharmaccuticElly acceptable salt, wherein 

Ml represents a NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., 
X-NH-CS-. X2N-CS-, X-NH-SO2-, X2N.SO2-, X-CO-, X-CS-. X-SO2-, X-0-CO-, or X- 
0-CS-: 
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X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
substituted with J, Ci.io fluoroalkyl substituted with J, 1-admantyU 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with phenyl trisubstituted with K, naphthyl, 
naphdiyl substimted with K, naphthyl disubstimted with K, naphthyl trisubsdtuted with K, 

5 Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with K, C i. lo alkyl with two attached 
phenyl groups substituted with K, CuiO alkyl with an attached phenoxy group, and Cmq 
alkyl wid) an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

10 10 alkoxy, Cmq alkylamine, €2-12 dialkylamine. Cmo alkyl-O-CO-, Cmq alkyl-O-CO- 
NH-, and Cj.io alkyl-S-; 

K is selected from the group consisting of halogen, Ci.io ^I-IO perflucwoalkyl, 
Ci.io alkoxy, NO2. CN, OH, CO2H, amino, C|.io alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.io alkyl-S-; 

15 AA is a side chain blocked or unblocked amino acid widi die L configuratioa, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, hisddine, phenylglycine, beta-aianine, norleucine, norvaline, 

20 alirfia-aminobutyric acid, epsilon-aminocaproic acid, citruUine, hydroxyprcdine, oniithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azeddinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-methylserine, O-cthylserine, S-methylcysteine, S- 
ethylcysteine, S-bcnzylcystcinc, NH2-CH(CH2CrHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

25 cyclohexyD-COOH, NH2-CH(CH2-cyclopentylK:OOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyciopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

R2 represents Cj.g branched and unbranched all^l, Cj.g branched and unbranched 
cyclized alkyl, or C|.g branched and unbranched fluOToalkyl; 

The novel class of peptide a-keioacids also have the following structural formula: 

30 M1-AA2-AA1-COOH 

or a pharmaceurically acceptable salt, wherein 

Ml represents H. NH2-CO-, NH2-CS., NH2-SO2-. X-NH-CO-, X2N-CO-, 
X-NH-CS-, X2N.CS-. X-NH.SO2-, X2N-S02-, X-CO-, X-CS-, X-SO2-, X-0-CO-, or X- 
O-CS-: 

35 X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 

substituted with J, Ci-io fluoroalkyl substimted with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted witii K, phenyl disubstimted with K, phenyl trisubstimted with K, naphUiyl, 
naphthyl subsnmted with K, naphthyl disubstimted with K, naphthyl trisubstimted widi K, 
Ci-io alkyl with an attached phenyl group, Ci.io alkyl with two attached phenyl groups, Ci. 
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10 aJkyl voth an attached phenyl group sabstituted with K, and Ci-io alkyi with two attached 
phenyl groups substituted with K» Ci-io alkyl with an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group subsdtuted with K <»i the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci. 
5 10 alkoxy, Ci-io alkylamine, C2.12 dialkylaxnine, Cmq alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and Ci.io alkyl-Ss 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.io pcrfluoroallqrl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Chq alkylamino, C2.12 dialkylamino, Ci- 
Cio acyU and Cuo alkoxy-OO-, and Chq alkyl-S-; 

10 AAi is a side diainbkidEsd or unblocked amino add witii the Lconfiguiati 

configuratioa, ornochixality atthea-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, roetiuonine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine^ tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, alpha- 

IS aminobutyric add, q)siion-axninocaproic add, dtruUine, hydroxyproline, ornithine, 

homoarginine, sarcosine, indoline 2-carbo]^lic acid, 2razetidinecarboxylic add, pipecolinic 
add (2-pq)eridine carboxylic add), O-methy iserine, O-etfaylserine, S-metiiylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2^ 

NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

20 cyclohexylKOOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CHCCH2-cycloproityl)-COOH, trifluoroleucine, and hexafluoroleudne: 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

25 tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenyigiydne, beta-alanine, norleucine, norvaline, 
alpha-andnobutyric add, epsilon-aminocaproic add, citruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecoUmc 
acid (2-p^)eridine carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 

30 cthylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOH. NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cydopFopyl)-COOH, tzifhioroleucine, and hexafhioroleucine; 

The novel class of pqitide a-ketoadds also have the following structural formula: 

35 Mi-AA-AA-AA-COOH 

or a pharmaceutically accq}table salt, wherein 

Ml represents H, NH2-CO.. NH2-CS., NH2-SO2-. X-NH-CO-. X2N.CO-, 
X-NH-CS-. X2N-CS., X.NH.SO2-. X2N-SO2-. X-CO-, X-CS-, X-S02-. X-0-CO-. or X- 
0-CS-; 
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X is selected from the group consisting of Cmq alkyU Ci^iq fluoroaJkyl. Cmq alkyl 
substituted with J, Ci-io fluoroalkyl substituted with J, 1-admantyU 9-nuorcnyl, phenyl, 
phenyl substituted widi K, phenyl disubstituted with K, phenyl irisubsritutcd with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted widi K, naphthyl trisubstituted with K. 
Ci-io alkyl with an attached phenyl group, Cmo alkyl with two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted witii K, Cmo alkyl witii an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted widi K on die phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-io alkylanune. C2-12 dialkylamine, Ci-io alkyl-O-CO-, Cmq alkylO-CO- 
NH-, andCi.ioalkyl-S-; 

K is selected firom the group consisting of halogen, Ci.iq alkyl, Ci.io pcrfluoroall^l, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylanuno, C2-12 dialkylamino, C]- 
Cio acyl, and Ci_io alkoxy-CO-, and Cj.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L cmfiguration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, metiiionine, metiiionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, tfireonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine. phenylglycine, beta-alanine, norieucine. norvaline, 
20 alpha-aminobutyric acid, epsilon*aminocaproic acid, citrulline, hydroxyproline, omidune, 
homoarginine, saicosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic add, pipecolinic 
acid (2-piperidine carboxylic acid), O-raetiiylserine, O-ctiiylscrine, S-mediylcysteine, S- 
cthylcystcinc, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-naptiiyl)-COOH, NH2-CH(CH2- 
cyclohcxyD-COOH, NH2-CH(CH2-cyclopentyl).COOH, NH2-CHCCH2-cyclobutyI).COOH, 
NH2-CH(CH2-cyclopiDpyl)-COOH, trifluoroleucine, and hexafluoroleucinc; 

The novel class of peptide Orketoacids also have die following structural formula: 
Mi-AA-AA-AA.AA<X)OH 
or a phannaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-. 
X-NH-CS-, X2N-CS-, X-NH-SO2-, X2N.SO2-, Yi-CO-, X-CS., X-SO2-. XO-CO-. or X- 
0-CS-; 

X is selected from the group consisting of Cmo alkyl, Cmq fluoroalkyl, Cmo alkyl 
substimted widi J, C 1.10 fluoroalkyl substimtcd widi J, 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted widi K, phenyl disubstituted widi K, phenyl trisubstimted widi K, naphdiyl, 
naphthyl substimted widi K, naphthyl disubstituted widi K, naphthyl trisubstituted widi K, 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci. 
10 alkyl widi an attached phenyl group substimted widi K, and Ci-io alkyl widi two attached 
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phenyl groups substituted with JC Ci-iO alkyl with an attached phenoxy group, and Ci-io 

alkyl widi an attached phenoxy group substituted wifli K on the phenoxy group; 

Yi is selected from Ae group consisting of C2-10 alkyl, Ci-io fluoroalkyl, Cuo 

alkyl substimted with I, Ci-io fluoroall^l substituted with J, 1-admantyl, 9-fluorenyl, phenyl, 
5 phenyl substituted with K, phenyl disubstituted with K, phenyl trisubsututed with K, naphthyl, 

naphthyi substituted with K, naphthyl disubstimted with K, naphthyl trisubstituted with K, 

Ci-iO alkyl with an attached phenyl group, Ci-iO alkyl with two attached phenyl groups, Ci- 

10 alkyl with an attached phenyl group substituted with K, and Ci-io aDtyl with two attached 

phenyl groups substituted widi K; 
0 J is selected from die group ccwsisting of halogen, COOH, OH, CN, NO2. NH2, Ci- 

10 alkoxy, Ci-10 aH^lamine. Cm2 diaDtylainine, Ci-iQ alkyW>-CO-. Ci-io alkyl-OCO- 

NH-,andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen, Cuo alkyl. Ci-io p«fluoroalkyl, 

Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2.12 dialkylamino, Ci- 

5 Cio acyU and Ci.io alkoxy-CO-, and Cuio alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuiatioo, D 

configuration, or no chixality at die a-carbos sdected from the group consisting of alanine, 
valine, leucine, isoleocine, proline, metiiionine. metiiionine sulfoxide, phenylalanine, 
oyptophan, glycine, seiine, direonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
20 glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, notvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citnilline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-pipaidine carboxylic acid), O-metiiylscrine, O-ethylscrine, S-methylcysteine, S- 
etiiylcysteine. S-ben2yk;ysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
5 NH2-C3I(CH2-l-naptiiyl)-COOH. NH2-CH(C3l2-2-napdiyl)-COOH. NH2-CH(CH2- 

cyclohexyl)-<X)OH. NH2-CH(CH2-cyctopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, ttifluoroleucine, and hexafluoroleucine; 

The novel class (rf peptide a-ketoacids also have tiie following structural formula: 
Mi-AA-CO-OH 
3 or a pharmaceutically acceptable salt, >xdieiein 

Ml represents H NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO-, 
X-NH-CS-, X2N-CS-. X-NH-SO2-. X2N-SO2-. Y2-CO-. X-CS-, X-SO2-. X-O-Cb-, or X- 
O^: 

X is sdected from tijc group consisting of Ci-io alkyl. Ci-io fluoroalkyl, Cmo alkyl 
3 substimted witii J. Ci-io fluoroalkyl substituted widi J, 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted widi K, phenyl disubstituted widi K, phenyl trisubstimted witii K, naphdiyU 
naphdiyl substimted widi K, naphtiiyl disubstimted widi K, naphtiiyl trisubstimted witii K, 
Ci-io alkyl widi an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci- 
10 alkyl widi an attached phenyl group substimted widi K, and Ci-io alkyl widi two attached 



SUBSTITUTE SHEET 



wo 92/12140 



PCT/US91/(»801 



-17- 

phenyl groups substituted with K, Cmq alkyi with an attached phcnoxy group, and Ci-io 
alkyl with an attached phcnoxy group substituted with K on the phcnoxy group; 

Y2 is selected from tiie group consisting of Cmo alkyl, Cmq fluoroalkyU Cmo 
alkyl substituted with J, Ci-io fluoroalkyl substituted witii J, l-admantyl, 9-fluoicnyl, phenyl 
substituted witii K» phenyl disubstituted widi K, phenyl trisubstituted witii K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted witii K, n^htiiyl trisubstinited widi K, 
Ci-io alkyl witii an attached phenyl group, Ci-io alkyl witii two attached phenyl groups, Ci- 
10 alkyl witii an attached phenyl group substituted witii K, and Cmo alkyl widi two attached 
phenyl groups substituted with K; 

J is selected from tiie group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylanune, 02-12 dialkylamine, Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and C 1. 10 alkyl-S-; 

K is selected from the group cmsisting of halogen, Cj.io alkyl, Ci.io perfluoxoall^l, 
Ci.io alkoxy, NO2, CN, OH, CO2H. amino, Ci^iq alkylamino. C2.12 dialkylamino, Cj- 
Cio acyl, and Ci.iq alkoxy-CO-, and Cj.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalaxune, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutanune, aspartic acid, 
20 glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norieucine, norvaUne, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyprolmc, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-pipcridinc carboxylic acid), O-mcthylserine, O-ediylserine, S-metiiylcystcine. S- 
etiiylcysteinc, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
I >fH2-CH(CH2- l-naptiiyl)-COOH, NH2"CH(CH2-2-naptiiyl)-COOH, NH2-CH(CH2- 

cyclohexyD-COOH, NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutyl)^OOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

The novel class of peptide a-ketoesters have the following stnictural formula: 
M1-AA2-AA1-CO-O-R1 
) or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS-, X2N-CS., X-NH-SO2-, X2N-SO2-. X-CO., X^CS-, X-S02-, X-0-CO-, or X- 
O-CS-; 

X is selected from the group consisting of Cmo alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
) substinited witii J, C mo fluoroalkyl substituted with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted widi K, phenyl disubstituted witii K, phenyl trisubstituted with K, naphtiiyl, 
naphdiyl substinited widi K, naphtiiyl disubstituted widi K, naphthyl trisubstituted witii K, 
Ci-io alkyl widi an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substimted with K, and Ci-io alkyl with two attached 
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phenyl groups substituted with K, Ci-iO alkyl with an attached phcnoxy group, and Cuo 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2» Ci- 
10 alkoxy, Cmo alkylamine, C2-12 dialkylamine, Cmo alkyl-O-CO-, Ci_io alkyl-OCO- 
NH% and Ci.io alkyl-S-; 

K is selected from the group consisting of halogen, Cj.io alkyl, Ci.io pcrfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and C^io alkoxy-CO-, and Ci.io alkyl-S-; 

AAi is a side (±iain blocked or unblodced amino ^ 

) configuratiofi, or no chiiality at the cc-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threonine, cysteine, tyrosine, asparaginc, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, histidine, phenylglycine, bcta-alanine, norlcucine, norvaline, alpha- 
aminobutyric acid, cpsilon-aminocaproic acid, citruUinc, hydroxyproline, ornithine, 

; homoaigininc, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolink: 
acid (2-pipcridii» carboxylic acid). O-methylscrime, O-cthylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylqrsteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminohcptanoic add, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-naptiiyl).COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cycIopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
20 NH2-CH(CH2-cyclopropyI)-COOH, trifhioroleucine, and hexafluoroleucine; 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of leucine, 
isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, 
serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine, 

> arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, alpha-aminobutyric acid, 
epsilon-aminocaptoic acid, dtmlline, hydroxyproline, ornithine, homoaiginine, sarcosine, 
indoline 2-caiboxyIic add, 2-azeddinecaiboxylic acid, p^iecolinic add (2-piperidine caiboxylic 
add), O-methylserine, O-ethylserine, S-methylcysteine, S-ethylcysteine, S-benzylcystcine, 
NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, NH2-CH(CH2-l-napthyl)-COOH, 

D NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2-cyclohexyl)-COOH, NH2-CH(CH2- 

cyclopeniyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, NH2-CH(CH2-cyclopropyl)-COOH, 
trifluoroleucine, and hexafluoroleucine: 

Rl is selected from the group consisting of H, Ci.20 alkyl, C1.2O * phenyl 

group attached to the C1.20 ^ ^1.20 ^ attached phenyl group substituted 

5 widiK. 

The novel class of peptide a-ketoesters also have the following sttuctural formula: 
M1-AA-NH-CHR2-CO-CO-O-R 
or a pharmaceutically acceptable salt, wherein 
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35 



Ml represents H. NH2-CO-. NH2-CS-. NH2-SO2-. X-NH-CO-, XoN-CO- 
X-NH-CS-. X2N-CS-. X-NH.SO2-. X2N-SO2-. X-CO-. X-CS-. X-S09.. X-O-CO- or X- 
0-CS-: 

X is selected ftom the group consisting of Cmq alkyl, Cmq fluoroalkyl, Cmq alkyl 
5 substituted with J, Cmo fluoioaJkyl substituted with J. l-admantyl. 9.fluorenyl, phenyl, 
phenyl substituted with K. phenyl disubstituted with K, phenyl tiisubsiituted widi K. naiihthyl. 
naphthyl substituted with K, naphthyl disubstituted with K, naphtfayl trisubstituted with K. 
Cmo alkyl widi an attached phenyl group, Cmo alkyl with two attached phenyl gioaps. Ci. 
10 alkyl witii an attached phenyl group substituted with K, and Cmo alkyl with two attadied 
10 phenyl groups substituted with K. Cmo alkyl with an attached phenoxy group, and Cmq 
alkyl with an attached pheiwxy group substituted with K on die phenoxy group; 

J is selected ftom the group consisting of halogen, COOH, OH, ON, NO2. NH2, Ci. 
10 alkoxy, Cmq alkylamine, C2.12 dialkylainine, Cmq alkyl-OCO-, Cmq alkJrl-CWX)- 
NH-.andCMoalkyl-S-; 

K is selected from the group consisting of halogen, Cmq alkyl, Cmq petfluoioalkyl, 
Cmo alkoxy, NO2. CN. OH. CO2H. amino. Cmq alkylamine, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Cj.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chiraUty at die a-carbon selected ftom the group consisting of alanine, 
20 vaHne, leucine, isoleucine, proline, metiiionine. metiiionine sulfoxide, phenylalanine, 

iiyptophan. glycine, serine, tiueonine. cysteine, tyrosine, asparagine. glutamine, aspirtic acid, 
glutamic acid, lysine, arginine. hisridine, phenylglycine. beta-alanine. notteudne. norvaline. 
alpha-aminobutyric acid, epsiton-aminocaproic add, dtrulline, hydioxyproline, ornithine, 
homoarginine. sarcosine. indoline 2.carboxylic acid, 2-azetidinecaifaoxyUc add, pipecoUidc 
acid (2-piperidine carboxylic acid), O-mcthylserinc, O-ethylseiine, S-metiiylcystdne, S- 
ethylcystdne, S-benzylcysteine, NH2-CH(CH2CHEt2KXX)H, alpha-aminohcptanoic add, 
NH2-CH(CH2-l-naptiiyl)-COOH, NH2-CH(CH2-2.naptiiyl)-COOH, NH2-CH(CH2- 
cyclohexyl)-COOH. NH2-CH(CH2-cyclopemyl)-COOH. NH2.CH(CH,-cyclobutyl).COOH, 
NH2-CH(CH2-cydoproRyl)-COOH. ttifluoroleudne, and hexafluoroleucinc: 

R2 represents C1.8 branched and unbianched alkyl, C^g biandied and unbranched 
cyclized alkyl, or Ci.g branched and unbranched fluoroalkyl; 

R is sdected from die group consisting of H. C1.20 alkyl. C1.20 alkyl witii a phenyl 
group attached to die C1.20 alkyl. and C1.20 alkyl with an attached phenyl group substituted 
witii K. 

TTie novd class of peptide a-ketoesiers also have die following strucniral formula: 
M3-AA-AA-AA-COO-R 
or a pharmaceutically accqitable salt, wherein 
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M3 represents H, NH2-CX)-, NHz-CS-, NH2-SO2-, X-NH-CO-. X2N-CO-, 
X-NH^CS-. X2N.CS-. X-NH-S02-, X2N-SO2-, X^CO-. X-CS-, X.SO2-, T-O-CO. or X- 
0-CS-: 

X is selected ftom the group consisting of Cuo alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
5 substituted widi J, Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluorenyl, phenyl, 

phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstitutcd with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstitutcd with K, 
Cuo alkyl with an attached phenyl group, Cuo alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Cuio alkyl with two attached 

10 phenyl groups substituted with K, Cmo allgrl widi an attached phenoxy group, and Ci.io 
alkyl widi an attached pheno^ group substituted wiA K on the phenoxy group; 

T is selected from the group consisting of Ci-io aUcyl, Cuo fluoroalkyl, Cmo alkyl 
substituted with J, Cuo fluoroalkyl substituted with J, l-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstitutcd with K, naphthyl, 

15 naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstitutcd with K, 
C2-10 aD^l with an attached phenyl group, Cuo alkyl witfi two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substinited with K, and Ci-io alkyl wifli two attached 
phenyl groups substituted with K; 

J is selected from die group consisting of halogen, COOH, OH, CN, N02, NH2, C 1 . 

20 10 alkoxy, Cmo alkylamine, C2.12 dialkylamine, Cuo alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and Ci.io alkyl-S-; 

K is selected from the group consisting of halogen, Cj. 10 alkyl, Ci-io pcrfluoroalkyl. 
Ci.io alkoxy, NO2. CN, OH, CO2H, amino, Cj.jo alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and C^io alkoxy-CO-, and Ci.io alkyl-S-; 

25 AA is a side chain blocked or unblocked amino acid with die L configuration, D 

configuration, or no cfaiiali^ at die a-carbon selected torn die group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, pheiQrlalanine, 
tryptophan, glycine, serine* threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

30 alidia-aminobutyric acid, epsilon-aminocaproic add, citiulline, hydroxyproline, ornithine, 
homoarginine« sarcosine, indoline 2-carboxylic acid^ 2-azetidinecarboxylic acid, pipecolinic 
add (2-piperidine carboxylic acid), O-methylserine, O-ethylseiine, S-methylcysteine, S- 
ethylcystdne, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add* 
NH2-CH(CH2-l-naptiiyl)-COOH, NH2-CH(CH2-2-napdiyl)-COOH, NH2-CH(CH2- 

35 cyclohexyD-COOH, NH2-CH(CH2-cyclopentylH:OOH. NH2-CH(CH2-cydobuty l)-COOH, 
NH2"^(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoioleucinc; 

R is selected from die group consisting of H, C2.20 alkyl, C1.20 alkyl with a phenyl 
group attached to the C1.20 alkyl, andCi.20 alkyl with an attached phenyl group substituted 
widiK. 
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TTic novel class of peptide a-ketoesiers also have the following sttucniral fonnula: 
M3-AA-AA-NH-CHR2-CO-COO-R 
or a pharaiaceudcally accqitable salt, wherein 

M3 lepresents R NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-. X2N-CO-. 
5 X-NH-CS-. X2N^S-. X.NH-SO2-. X2N.SO2-, X-CO-. X-CS-, X-SO2-. T-O-CO- or X- 
0-CS-; 

X is selected from the group consisting of d-io alkyl, Cmq fluoroalkyl, Clio alkyl 
substituted with J, Ci-io fluoroalkyl substituted with J, 1-admantyl, 9-fluorcnyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyU 
10 naphthyl substiuted wiA K, naphthyl disubstituted with K, naphthyl trisubstituted with K. 
Ci-10 alkyl with an attached phenyl group, Cmq alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Cmq alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 
15 T is selected from the group consisting of Cmq alkyl. Cmq fluoroalkyl, Cmq alkyl 

substituted with J, Cmq fluoroalkyl substituted with J, l-admantyl, 9-fluoicnyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C2-10 aUcyl widi an attached phenyl group, Cmq alkyl with two attached phenyl groups, Ci- 
20 10 alkyl widi an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2. NH2, Ci. 
10 alkoxy. Cmo alkylaminc. Ci-io dialkylamine, Cmo alkyl-aCO-, Ci-io alkyl-O-CO- 
NH-. and C 1.10 alkyl-S-: 
25 K is selected from the group consisting of halogen, C^io alkyl, Ci.io perfluoroalkyl. 

Ci.io alkoxy, NO2, CN, oa CO2H, amino, Ci.jo alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO, and Ci.jo aDcyl-S-: 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chiraUty at the a-carbon selected ftom the group consisting of alanine, 
30 valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutaminc. aspartic acid, 
glutamic acid, lysine, arginine. histidine. phenylgiycine. beta-alanine. norieucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline. hydroxyprolinc, ornithine, 
homoarginine. saicosine, indoline 2.cari)oxylic acid. 2-azetidinecarboxyUc acid, pipecolinic 
35 acid a-piperidinecarboxylic acid), 0-methylserine,0-etijylserine,S-methylcystcine,S- 
cthylcysteine, S-benzykysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-mipUtyI)-COOH, NH2-CH(CH2-2.napti»yl)<:OOH. NH2-CH(CH2- 
cyclohexyl)-COOH. NH2-CH(CH2-cycIopentyl)-COOa NH2.CH(CH2-cyclobutylKXX)H, 
NH2-CH(CH2-<grclopn>pyl)-COOH. trifluoroleucine, and hexafluoioleucine: 
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R2 iqjiesenis Ci-g branched and untaanched alkyU Ci.8 branched and unbranched 
cydized alkyl, or Ci^ branched and unbranched fluoroalkyl; 

R is selected from the group consisting of H, Ci.20 alkyl, C 1.20 alkyl with a phenyl 
group attached to the C1.20 alkyl. ^ ^1-20 ^ attached phenyl group substituted 

5 widiK. 

Hie novel class of peptide a-ketoestHS also have riie following structural formula: 
M3-AA4-AA-AA-AA-a>0-R 
or a phannaceaticaUy accq>table salt, wherein 

M3 icpreseats H, NH2-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-. X2N-CO-. 
10 X-NH-CS-. XiH-CS-, X-NH-SO2-. X2N-SO2-. X-CO-. X^-. X-SO2-. T-OC0-. or X- 
0-CS-: 

Xis selected ftom the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-ioallqrl 
substituted with J, Ci-iO fluoroalkyl substituted with J, l-admantyl, S-fluorenyl, phenyl, 
phenyl substitotcd with K, phenyl disubstituted with K, phenyl trisubsrituted with K, naptahyi, 

15 naphthyl substituted with K, naphthyl disubstituted with K, naphthyl irisubstituted with K. 
Ci-io alkyl with an attached phenyl group, Ci-iO alkyl with two attached phenyl groups, Ci- 
10 allyi widi an attadied pbeayl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K, Ci- 10 alkyl witii an attached phcnoxy group, and Ci-lQ 
all^l with an attached phenoxy group substituted with K on the phenoxy group; 

20 T is selected ftom the group consisting of Ci-io aDcyl, Ci-iQ fluoroalkyl, Ci-io alkyl 

substitoted widi J, Ci-iO fluoroalkyl substituted with J, l-admantyl, Q-fluorenyl, phenyl, 
phenyl substituted widt K, phenyl disubstituted with K, phenyl tiisubstimted with K, naphtlgrl, 
naphthyl substituted with K, naphthyl disubstituted witii K, naphfliyl uisubstimted with K, 
C2-IO alkyl widi an attached phet^l group, Ci-io alltyl with two attadied phenyl groups, Ci. 

25 10 alkyl widi an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substimted with K; 

J is selected ftom die group consisting of halogen, CCX5H, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-ioalkylamine, €2-12 dialkylamine, Cmo alkyl-O-CO-, Ci-io alkyl-O-CO- 

NH-, and C 1.10 alkyl-S-; 
30 Kis seiectedftomtiiegroupconsistingof halogen,Ci.ioallqrl,Ci.ioP«fl«oroalkyl, 

Ci-io alkoxy, NO2, CN, OH, €02^ amino. Ci.jo alkylamino, C2.12 dialkylamine, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Ci.io aflcyl-S-; 

AA is a side chain blocked or unblocted amino acid with die L configuration. D 
configuration, or no chirality at the a-carbon selected from die group consisting of alanine, 
35 vaKne, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine. 

nyptophan, glycine, serine, dueonine, cysteine, tyrosine, asparagine, glutamine. aspartic acid, 
glutamic acid, lysine, arginine. histidine, phenylglycinc, beta-alanine, norieucine, norvaline, 
alpha-aminobutyric acid, q>silon-anunocaproic acid, citrulline, hydroxyproline, omidiinB, 
homoarginine, sarcosine, inddine 2-carboxylic add, 2-aretidinecarboxyiic arid, pipecolinic 
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acid (2-pipcridinc carboxylic acid), Omethylscrine, O-cihylscrine, S-mediylcysteinc, S- 
ethylcystcine. S-bcnrylcystcinc, NH2-CH(CH2CHEt2>CCX)H, alpha-aminohqjtanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyI)-CCX)H. 
5 i^m2-<^(CH2-cyclop^opyl)-COOH, trifluoroleucinc, and hexafluorolcucine;; 

AA4 is a side chain blocked or unblocked amino acid with the L ccxifiguiaticm, D 
configuration, or no chirality at the a-carbon selected from die group consisdng of leucine, 
isoleucinc, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, serine, 
threonine, cysteine, tyrosine, asparagine, glutamine, aspardc acid, glutamic acid, lysine, 

10 argininc, hisddinc, phcnylglydne, beta-alanine, norleucine, norvaiine, alpha-aminobutyric acid, 
epsilon-aminocaproic acid, citruUine, hydroxyproline, ornithine, homoarginine, sarcosine, 
indoUne 2-carboxylic add, 2-azBtidinecarboxylic acid, pipecolinic acid (2-piperidine carboxylic 
acid), O-methylscrine, Oediylserine, S-methylcysteine, S-ethylcysteine, S-benzyicysteine, 
NH2-CH(CH2CHEt2)-COOH, alpha-arainoheptanoic acid, NH2-C3i(CH2-l-napthyl)-CCX)H, 

15 NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(ai2-cyclohexyl)-COOH, NH2-CH(CH2- 

cycIopcntyl)-COOH, NH2-CH(CH2-cyclobuiyl)-C(X)H, NH2-CH(CH2-cyclopropyl).CCX)H, 
trifluoroleucine, and hexafluoroleucine: 

R is selected from the group consisting of H. C1.20 alkyl, Ci,20 alkyl with a phenyl 
group attached to the C1.20 ^ C1.2O ^1 with an attached phenyl group substituted 

20 widi K. 

The novel class of peptide a-ketoesters also have the following stnictural formula: 
Mi-AA-COOR 
or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N.CO-. 
25 X-NH-CS-, X2N.CS-, X.NH-SO2-, X2N.SO2-, Y-CO, X-CS-, X.S02-. X-O-CO-, or X- 
0-CS-; 

X is selected from die group consisting of Cmo alkyl, Ci-io fluoroaikyl, Ci-io alkyl 
substimicd with J, Cmo fluoroaikyl substitoted with J, 1-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted witii K, phenyl disubstitoted with K, phenyl trisubstitoted widi K, naphtiiyl, 

30 naphthyl substimted with K, naphthyl disubstituted witii K, naphthyl trisubstimted widi K, 
Cmo alkyl with an attached phenyl group, Cmo alkyl with two attached phenyl groups. Ci- 
10 alkyl witii an attached phenyl group substituted widi K, and Ci-io allgrl widi two an?r h fd 
phenyl groups substituted witii K, Cmo alkyl witii an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted witii K on tiie phenoxy group; 

35 Y is selected from tiie group consisting of Cg-io alkyl, Cmq fluoroaikyl, Cmo alkyl 

substimted witfi J, Cmo fluoroaikyl substituted witii J, 1-admantyl, 9-fluorenyl, phenyl 
substimted witii K, phenyl disubstituted widi K, phenyl trisubstimted widi K, naphtiiyl, 
naphdiyl substimted witii K, naphtiiyl disubstituted widi K, ns^htiiyl trisubstimted widi K, Ci- 
10 alkyl widi an attached phenyl group, Cmq alkyl widi two attached phenyl groups, Cmq 
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alkyl with an attached phenyl group substituted with (C, and C i. lO alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkyiamine, 02-12 dialkylamine, Ci-io alkyl-O-CO-, Cmq allq^l-O-CO- 
5 NH-, and C 1. 10 alkyUS-: 

K is selected from the group consisting of halogen, C 1. 10 alkyl, C 1. 10 pcrfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci.io alkylamino, C2-12 dialkylamino, Ci* 
Cio acyl, and Cuo alkoxy-CO-, and Cuo alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with die L configuration, D 
1 0 configuration, or no chiiality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, pi^dine, nieduonine, mednom 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, bcta-alanine, norleucine, norvaline, 
alpha-aminobutyric acid, cpsilon-aminocaproic acid, citruUinc, hydroxyproline, ornithine, 

15 homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecaiboxylic acid, pipecolinic 
acid (2-pipaidine carboxylic acid), O-methylserine, O-cthylscrine, S-mediylcysteinc, 
ediylcysteine, S-bcnzylqfsteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexylKOOH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutylKOOH, 

20 NH2-CH(CH2-cyclopropyl>-COOH, trifiuoroleucine, and hexafluoroleucine; 

R is selected from the group consisting of H, C1.20 ^i^U Ci,20 sJkyl with a phenyl 
group attadied to the C1.20 ^ 1-20 ^ attached phenyl group substituted 

withK. 

The following compounds are representatives of the invention: 
25 Z-Leu-Phe-CONH-Et 
Z-Leu-Phc-CONH-nPr 
Z-Leu-Phe-CONH-nBu 
Z-LM-Phc-CONH-iBu 
Z-Leu-Phe-CONH-Bzl 

30 Z-Leu-Phe.CONH.(CH2)2Ph 

Z-Leu-Abu-CONH-Et 

Z-Leu-Abu-CONH-nPr 

Z-Leu-Abtt-CONH-nBu 

Z-Leu-Abu-CONH-iBu 
35 Z-Leu-Abu-CONH-Bzl 

Z.Leu-Abu<:ONHKCH2)2Ph 

Z-Lcu.Abu-CONH-(CH2)3-N(CH2CH2)20 

Z-Leu-Abu-CONH-(CH2)7CH3 

Z-Leu-Abu-CONH<CH2)20H 
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Z-Uu-Abu-CONH-(CH2)20(CH2)20H 

Z-Uu-Abu-CONH-(CH2) 17CH3 

Z-Leu-Abu-CONH-CH2-C6H3(OCH3)2 

Z-Leu-Abu-CONH-CH2-C4H4N 
5 Bz-DL-Ala-COOEt 

Bz-DL-Ala-COOBzl 

Bz-DI^Ala-COO-n-Bu 

Bz-DI^Ala-COOH 

Bz-DI^Phc-COOEt 
10 Bz.DL-Ala-CCXXH2-C6H4-CF3 (para) 

Bz-DL-Arg-CXX>Et 

Bz-DL-Lys-COOEt 

Bz-DL-Lys-COOH 

Z-Ala-DL-A]a-CCX>Et 
15 Z-Ala-DI^Ala-COOBzl 

Z-AIa-DL-Ala-COO-rt-Bu 

MeO-Suc-Ala-DL-Ala-aX)Me 

Z-Leu-Nva-CCX>Et 

Z-Leu-Nle-CXX)Et 
20 Z-Leu-Phe-COOEt 

Z-Leu-Abu-COOEt 

Z-Phe-DL-Phe-COOEt 

H-Gly-DL-Lys-COOEt 

H-Ala-DL-Lys-COOEt 
25 H-Pro-DL-Lys-COOEt 

H-Phe-DL-Lys-CCX)Et 

Z-Ala-Ala-DL-Ala-CXX}Et 

Z-Ala-Pro-OL-Ala-COOEt 

Z-Ala-Ala-DL-Abu-COOEt 
30 Z-Ala-AlarDL-Abu-COOBzl 

Z.Ala-Ala-DL-Abu-COOCH2-C6H4-CF3 (para) 

MeO-Suc-Val-Pto-DL-Phe-COOMe 

H-Lea-Ala-DL-Lys-COOEt 

Z-Ala-Ala-AIa-DL-Ala-COOEt 
35 MeO-Suc-AIa-Ala-Pro-DL-Abu-COOMe 

Z-Leu-Phe-COOEt 
2-Leu-Nva-COOEt 
Z-Len-Abu-aX)Et 
PhCO-Abtt-COOEt 
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(CH3)2CH(CH2)2CO-Abtt-COOEt 

CH3CH2CH)2CHCO-Abu-COOEt 

Ph(C3!2)gCX)-Abu-COOEt 

Z-Leu-4-a-Phc-COOEt 
5 Z-Leu-Leu-Abu-COOEt 

Z-Leu-Leu-Phe-COOEt 

2-NapSC)2-Leu-Abu.COOEt 

2-NapSO2*Lea-Lea-Abtt-C00Et 

Z-Leii-Met-C02Et 
10 Z;-Lea*NLea-CX)2Et 

Z-Lea-Fh&<:02Btt 

Z-Lea-Abtt-C02Bu 

Z-Lcu-Phe-COjBzl 

Z-Lcu-Abu-COjBzl 
15 Z-Leu-Phe-COOH 

Z-Lctt-Abu-COOH 



Materials and Methods. HEFES* heparin, and A23187 were obtained from 
CalbiochratL Suc-Leu-Tyr-AMC and chromogenic substrates were obtained from Sigma. 

20 Calpain I was purified from human erythrocytes according to the method of Kitahaia (Kitahara 
et al., y. Biochem. 95, 1759-1766) omitting the Blue-Sepharose step. Calpain 11 from rabbit 
muscle and cathepsin B were purchased from Sigma. Papain was purchased from Calbiochem- 
Assay of Inhibitory Potency. Peptide o-ketoamides were assayed as reversible en^e 
inhibitors. Vaiiousconcentraticmsof inhibitors in MiB2S0 were added to the assay mixn^ 

25 which contained buffer and substrate. HieieacdonwasstartedbyAe addition of the enzyme 
and the hydrolysis rates were followed spectcophotomeiricaUy or fiuorimetxically . 

Calpain I from human erythrocytes and calpain II from rabbit were assayed using Sue- 
Uu-Tyr-AMC [Sasaki et aL, /. BioL Chenu 259, 12489-12494 (1984); incorporated herein by 
reference], and the AMC C7-amino-4-methyIcoumaiin) release was followed fluorimctrically 

30 (excitation at 380 nm, and cmmision at 460 nm). Calpains were assayed in 25 mM Tris pH = 
8-0, 10 mM Caa2* Ruorescence was followed using a Gilson FL-IA fluorometer or a Ftrkin- 
Elmer 203 Fluorescence spectrometer. Cathepsin B was assayed in 20 mM sodium acetate pH 
-^57,0^ mM Htthjn thw>i'tnl using Bz-Phc-Val*Arg*p-mtroanilide as substrate. Altematdy, 
catiiq)sin B was assayed with Z-Aig-Axg-AFC [Baxxea and Kirscbke, Methods EnzymoL 80, 

35 535-561 (1981); incorporated herein by reference], and the AFC (7-aimno-4- 

trifluoromethylcoumarin) release was followed fluorimetricaUy (excitation at 400 nm and 
emmision at 505 nm). Papain was assayed in 100 mM KPO4, 1 mM EDTA, 2 J mM cysteine 
pH = 6.0 using Bz-Arg-AMC or Bz-Arg-NA [Kanaoka et al., Chem. Pharm. Bull. 25, 3126- 
3128 (19T7); incorporated herein by reference] as a substrate. The AMC (7-ainino-4- 
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methylcoumarin) release was followed fluorimctrically (excitation at 380 nm. and enunision at 
460 nm). Enzymadc hydrolysis rates were measured at various substrate and inhibitor 
concentrations, and Kj values were determined by cither Lineweaver-Burk plots or Dixon 
plots. 

5 A 0.1 M Hepcs, OJ M NaQ, pH 73 buffer was utilized for human leukocyte elastase 

(HLE), porcine pancreatic elastase (PPE), chymotrypsin and caihepsin G. A 0.1 Hepcs, 0.01 
M Caa2, pH 7.5 buffer was utilized for trypsin, plasmin, and coagulation enzymes, A 50 mM 
Tris HQ, 2 mM EDTA, 5 mM cysteine, pH 7,5 was used as a buffer for papain. A 88 mM 
KH2PO4, 12 mM Na2HP04, 1.33 mM EDTA. 2.7 mM cysteine, pH 6.0 solution was used as 

10 a buffer for caihepsin B. A 20 mM Hepes, 10 mM Caa2F 10 mM meicatoedianol, pH 7.2 
buffer was utilized for calpain I and calpain TL 

HLE and PTE were assayed with MeO-Suc-Ala-Ala-fto-Val-NA and Suc-AIa-Ala-Ala- 
NA, respectively [Nakajima et aL, J. Biol. Chem. 254, 4027-4032 0979); incorporated herein 
by reference]. Human leukocyte cathepsin G and chymotrypsin A^ were assayed wifli Sue- 

15 Val-Pro-Phe-NA [Tanaka ct al.. Biochemistry 24, 2040-2047 0985); incorporated herein by 
reference]. The hydrolysis of peptide 4-niiroanilides was measured at 410 nm (6410 = 8800 
M-lcm-J ; Erlanger et al., Arch. Biochem. Biophys. 95, pp 271-278 (1961); incorporated 
herein by reference]. Trypsin, thrombin, human plasma kalliktein, porcine pancreatic 
kallikrein, human factor XIa, and human plasmin were assayed with Z-Arg-SBzI or Z-Gly- 

20 Arg-SBu-i [McRae ct al.. Biochemistry 20. 7196-7206 (1981); incorporated herein by 

reference]. All peptide thioesier hydrolysis rates were measured with assay mixtures containing 
4.4*.dithiodipyridine [6324 = 19800 M-lcm-1; Grasctti & Murray, Arch. Biochem. Biophys. 
1 19, pp 41-49 (1967); incorporated herein by reference]. Papain was assayed with Bz-Arg- 
AMC or Bz-Arg-NA [Kanaoka et al., Chem. Pharm. Bull. 25, 3126-3128 (1977); incorporated 

25 herein by reference]. The AMC (7-amino-4.methylcoumarin) release was followed 

fluoiimetrically (excitation at 380 nm, and emmision at 460 nm). Cathepsin B was assayed 
with Z-Arg-Arg-AFC [Barrett and Kirschkc. Methods Enzymol. 80, 535-561 (1981); 
incoqxjratcd herein by reference], and die AFC (7-amino-4-trifluoromedvlcoumarin) release 
was followed fluorimetricaUy (excitation at 400 nm, and enunision at 505 nm). Calpain I from 
30 human erythrocytes and calpain U from rabbit were assayed using Suc-Leu-Tyr-AMC [Sasaki 
et al., J. Biol. Chem. 259, 12489-12494 (1984); incorporated herein by reference], and the 
AMC (7-ainino-4-mcthylcoumarin) release was followed fluorimetrically (excitation at 380 nm, 
and emmision at 460 nm). Enzymatic hydrolysis rates were measured at various substrate and 
inhibitor concentrations, and Ki values were determined by either Uneweaver-Burk plots or 
35 Dixon plots. 

Platelet membrane permeability assay. Calpain-mediated breakdown of spectrin was 
measured by quantitative dcnsitomeay of the calpain-specific 150/155 kDa spectrin fragment 
doublet [sec Siman et al., Proc, Natl. Acad. ScL USA 81, 3572-3576 (1984)]. Platelets were 
isolated by a modification of the metiiod of FeneU and Martin [J. Biol. Chem. 264, 20723- 
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20729 (1989)]. Blood (15-20 ml) was drawn from male Sprague-Dawley rats imo 1/lOth 
volume of 100 mM EDTA-citraie, and centiifuged 10 minutes at 2000 rpm in a clinical 
centrifuge at room temperature. The plasma was resuspended in 15 ml of buffer 1 (136 mM 
NaCU 2.7 mM KCl, 0.42 mM NaH2P04. 12 mM NaHCOs. 2 mM MgCb. 2 mg/ml BS A 

5 (Sigma), 5.6 mM glucose, 22 mM Nasdtrate pH 6 J) and platelets were isolated at 2200 rpm at 
room temperatuie foe 10 minutes. Platelets were washed once in 15 ml buffer 1, then 
itSDSpendedto I07cells/nil in buffer 2 (136 mMNaQ, 2.7 mMKQ, 0.42 mMNaH2P04, 12 
mMNaHCOs, 2inM Mga 1 mg/ml BSA (Sigma), 5.6 mM glucose. 20 mM HEPES (Sigma) 
pH 7.4) and allowed to "rest" for a minimum of 10 minutes at room temperature before use. 

10 Inhibitors were added from stodc solutions made firesh in DMSO. 100 Ml platelets, 

suspended to 10^ cells/ml in buffer 2, were incubated with 1 |U of an inhibitor solution for 5 
minutes at room temperature prior to the addition of 2 mM Ca2+ and I uM A23187. After 10 
minutes total eiqiosuie to inWbiwr (5 nrinuies exposure to ionophore) at room temperattne, 
platelets were leisoiated at 14,000 ipm for 10 sec in a Bectanan microfuge, dissolved in SDS- 

15 PAGE sample buffer, and heated to 90 *C for 3 minutes. 

Samples were subjected to SDS-PAGE in 4- 12% gradient mini gels (Novcx) and 
transferred to nitroceUulosc (Schleicher and SchueU 0.45 um) by electroblotting. Fateis were 
blocked for 10 minutes in 0.25% geladn, 1% BSA, 0.25% triton XlOO, 0.9% NaCl, 10 mM 
Tris-a pH 7 J, incubated overnight in the same solution containing antibody to rat spectrin, 

20 washed 3 x 10 minutes with 10 mM Tris-Q pH 7 J, 0.5% triton X 100, incubated 4 horns in 
wash buffer plus alkaline phosphatase conjugated goat anti-iabbit antibody (Biorad), and 
washed as above. Blots were developed using the Biorad AP conjugate substrate kit 
Quantitative densitometry was used to obtain values foe the intact spectrin bands and the 
150/155 kDa breakdown product doublet 

25 Stnicture-Acttvixy Relationsfups. Tables I and IV shows die inhibition constants (Kj) 

for human leufcocycte elastase (HLE), porcine pancreatic elastase (PPE), chymotrypsin and 
cathepsin G. Tripeptide and tttrapepride ketoesters with Ala, Abu, or Nva in die Pi site are 
potent inhibitois of HLE and PPE. Amino add and dipeptide ketoesteis wifli Ala in the Pi site 
are less potent than Ac tripeptides. Z-Ala-Ala-Abu-CO-OBzl is a potent inhibitor of elastases, 

30 and replacement of the Z group (PbCtl^qCO-) by PhCH2CH2CO-. PhCH2CH2S02-, 

PhCH2NHC0-. and PhCH2NHCS- would result in good inhibitor structures. Changing the R 
gioup <rfZ-Ala-Ala-Abu-CO0R from ediyl to ben^l OT/7-trifiuoromethylbenzyl results in 
equally potent inhibitors of HLE. However, replacemem of ediyl by ben^l group in Z-Ala- 
Ala-CO-OEt makes a better elastase inhibitor. Amino acid and peptide ketoesters with Phe in 

35 the Pi site are good inhibitors of chymotrypin and cathepsin G. MeO-Suc-Val-Pro-Phe-CO- 
OR is a potent inhibitor of chymotrypsin and cathepsin G, and replacement of medioxysuccinyl 
group by Z, benzoyl, PhCH2CH2S02-, PhCHiNHCXJ-, or PhCH2NHCS- would result in 
good inhibitors for chymotrypsin and cadiepsin G. 
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Table II shows the inhibition constants (Kj) for trypsin, plasmin, and several blood 
coagulation enzymes. Amino acid and peptide ketoesters with Arg or Lys in the site are 
good inhibitors of trypsin, although they inhibit blood coagulation enzymts less potently. Bz- 
Arg-COOEt is a better thrombin inhibitor than Bz-Lys-CO-OEt, and tripeptides such as D-Phe- 
5 Pro-Aig-CO-OEt and Boc-D-Phe-Pto-Arg-CO-OEt arc expected to be potent tfirombin 
inhibitors because the interactions between the enzyme and inhibitor increase. 
H-Gly-Lys-CCK)Et inhibits thrombin better tiian Bz-Lys-CO-OEt, but this dipeptide ketoester 
is a less potent inhibitor for human plasma kallikiein. Therefore variation of the blocking group 
and amino acid sequence in the peptide ketoesters would result in the more specific inhibitors 

1 0 toward individual coagulation enzymes. 

Tables HI and IV shows the inhibition constants (K j) for papain, cathepsin B, calpain I, 
andcalpainU Dipeptideketoesters with Abu,Phe,orNlein theP| site and Leu in the P2 site 
are potent inhibitois of calpain I and calpain H Z-Leu- Abu-CO-OEt is a better inhibitor of 
calpain dian Z-Ala-Ala-Abu-COOEt by 500-1250 fold. Replacement of die Z group 

15 (PhCH20C0-) by similar groups such as PhCH2CH2CO-. PhCH2CH2SC)2-, PhCH2NHC0- 
» and PhCH2NHCS- would also result in good inhibitor structures. Extending the R group to 
include longer alkyl groups or alkyl groups substituted with phenyl groups would increase the 
membrane permeability of this inhibitor. Dipeptide and tripeptide ketoesters with small aliphatic 
amino acid residue or Phe in the Px site are also good inhibitors for papain and cathepsin B. Z- 

20 Phe-Phe-CO-OEt,Z-Ala-Ala-Nva-CO-OEt,and 

MeO-Suc-Val-Pro-Phe-CO-OMe are potent inhibitors of cathepsin B. and replacement of the Z 
(PhCH20C0-) or MeO-Suc- group by PhCH2CH2CO-, PhCH2CH2S02-. PhCH2NHC0-, 
and PhCH2NHCS- would also result in good inhibitor structures. Z-Ala-Ala-Abu-CO-OBzl 
inhibits papain ca. 30 fold less potendy than Z- Ala- Ala- Abu-CO-OEt , thus changing the benzyl 

25 group to a smaller alkyl group such as methyl, or propyl would make better papain inhibitors. 

Table IV shows the inhibition constants (Kj) for cathepsin B, calpain I, and calpain n 
with peptide ketoamides. Dipeptide a-ketoamides widi Abu and Phe in the Pj site and Leu in 
die P2 site are potent inhibitors of calpain I and calpain TL Z-Leu-Abu-CONH-Et is a better 
inhibitor of calpain I than Z-Leu-Phe-CONH-Et by 14 fold. Replacement of the Z group 

30 (PhCH20CO) by similar groups such as PhC3l2CH2CO-, PhCH2CH2S02-, PhCH2NHC0- 
, and PhCH2NHCS- would also result in good inhibitor structures. The best inhibitor of 
calpain n is Z-Leu-Abu-CONH-(CH2)2-Ph. Changing the R3 and R4 groups significandy 
improves the inhibitory potency toward calpain U, The best dipeptide inhibitors are those 
which have long alkyl side chains (e.g. Z-Leu-Abu-CONH-(CH2)7CH3), alkyl side chains 

35 widi phenyl substimted on die alkyl group (e.g. Z-Leu-Abu-CONH-(CH2)2-Ph), or alkyl 

groups with a morpholine ring substituted on the alkyl group [e.g. Z-Leu-Abu-CX}NH-(CH2)3- 
Mpl, Mpl ^ -N(CH2CH2)201. Dipeptide a-ketoamides with a small aliphatic amino acid 
residue or a Phe in the Pi site are also good inhibitors for cadiepsin B. The best inhibitor is Z- 
Leu-Abu-CONH-Ei and replacement of die Z (PhCH20C0-) by PhC3l2CH2CO-, 
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PhCH2CH2S02-* PhCH2NHCO-, and PhCH2NHCS- would also result in good inhibitor 
structures. 

Peptide a-ketoamides and peptide ketoamides were substantially more stable in both 
plasma and liver than the corresponding peptide a-kctoesters (Table IV). The peptide a- 
5 ketoanudes and ketoacidswa:e also much more effective in the platelet assay. Extending the 
R3 group to an alky 1 group or an alky 1 group substituted with a phenyl group increased the 
mftmhraivi pipmwflhiliiy nf thft inhibitnts as inriinatfri by increased potency in the platelet assay. 

Inhibition MechamsnL A crystal structure of one a-ketoester bound into die active site 
of poicine pancreatic elastase has been completed and a schematic drawing of the interactions 

10 observed is shown below. The active site Ser-I9S oxygen of die enzyme has added to the 
carbonyl group of the ke toester to form a tetrahedral intermediate vMch is stabilized by 
interactions with die oxyanion hole. This structure resembles the tetrahedral intermediate 
involved in peptide bond hydrolysis and proves that a-ketoesters are transition-state analogs. 
His-57 is hydrogen bonded to die carbonyl group of the ester functional group, the peptide 

15 backbone on a section of PPE*s bacld)one hydrogen bonds to die inhibitor to form a ^heet, 
and the ben^l ester is directed toward die S'subsites. The side chain of the P^ anuno add 
residue is located in die Si pocket of the enzyme. Interactions widi ketoamides would be 
similar except for that there would be the possibility of forming an additional hydrogen bond 
with die NH group of the ketoamide functional group if R3 or R4 was H. If R3 and/or R4 are 

20 longer substutuents» dien they would make favorable interactions with the S* subsites of the 
enzyme. In the case of ketoacids, there would be no R group to interact with the S' subsites 
and these inhibitors would be slighdy less potent than the ketoesters and ketoamides. 




subsites 



25 Tlie active site of cysteine proteases share several features in common with serine 

proteases including an active site histidine residue. In place of the 5er-195, cysteine proteases 
have an active site cysteine residue which would add to the ketonic carbonyl group of the 
peptide keto acids, keto esters, or ketoamides to form an adduct very similar to the structure 
depicted above except widi a cysteine residue replacing die serine- 195 residue. Additional 
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interacQons would occur between the extended subsaate binding site of the cysteine protease 
and the inhibitor which would increase the bmding affinity and specificity of the inhibitors. 

Inhibitor Design and Selection. The pqttide and amino acid o-ketoester, a-ketoacid. 
and a-ketoamide derivadves, as shown in the above aystal stiuctaie, bind to the enzymes 
using many of die interactions that are found in complexes of a particular individual en^one 
with its substnues. In order to design an inhibitor for a particular serine or cysteine protease, it 
is necessary to: 1) find the amino acid sequences of good peptide substrates for that enzyme, 
and 2) place those or similar amino acid sequences into a a-kBtoester, a-ketoacid, or a- 
ketoamide structure. Additiooal interactions with the enzyme can be obtained by tailoring the R 
group of the inhibitor ID imitate die ammo add residues which are prefened by an individual 
protease at the Si' and 82' subsiies. For example, ketoesten with R - branched alkyl groups 
would interact effectively with serine and cysteine proteases which prefer Leu, Be, and Val 
residues at Pi' and/or P2', while ketoesters and amides with R = alkyl substimted widi phenyl 
would interact effectively with serine and cysteine proteases which prefer Phe, Tyr, Tip 
15 residues at Pf and/or P2'. Likewise, the Mi group can be tailored to interact widi'the S 
subsites of the enzyme. This design strategy will also work when other classes of peptide 
inhibitors are used in place of the peptide substrate to gain information on the appropriate 
sequence to place in die ketoester,ketoacid, or ketoamide inhibitor. Thus, we are able 10 
predict die structure of new inhibitors for odier serine and cysteine proteases based on 
knowledge of tiieir substrate specificities. Once a good inhibitor structure for a particular 
enzyme is found, it is dien possible to change other characteristics such as sohiWlity or 
hydrophobicity by adding substituents to die Mi or R, R3, and R4 groups. 

Elastase is an enzyme which hydrolyzes most effectively tetra- and tripeptidcs having Pj 
residues with smaU alkyl side chains such as Ala and VaL MeaSuc-Ala-Ala-Ala-Val-NA and 
Z-Ala-Ala-Ala-Ala-NA are good substrates (NA = 4.nitroanilide). ITius die corresponding o- 
ketoesters Z.AlarAla-Ala-DI^Ala-COQEtandMe(Muo.Ala-Ala-Pro-DL-Abu<:OOMe are 
excellent elastase inhibitors. Suc-Phe-Leu-Phe-NA is an excellent substrate for chymotrypsin, 
cadiepsin G. and mast ceU chymases. Thus, die corresponding a-ketoester is an exceUent 
inhibitor for tijesechymotrypsin-like enzymes. In die case of die cysteine protease calpain. a 
good inhibitor sequence is Ac-Leu-Uu-Nle-R We have found diat ketoesters related in 
structure such as Z-Leu-Abu-CCMDEt and Z-Leu-Nle-CCMDEt are potent inhibitors for calpain. 
We have also found diat ketoamides related in structure such as 2-Uu-Abu-CO-NR3R4 and Z- 
Leu-Phe-CX)-NR3R4 ^ potent inhibitors for calpain. 

The foUowing strucnires are predicted to be potent inhibitors for die listed enzymes. 
The inhibitor sequences were obtained fiom peptide substrate and/or inhibitor sequences in die 
protease literature. 

Z-Gly-Uu-Phe-CO-Q-R for cadiepsin G and RMCP H 

MeO-Suc-Ala-Ala-Pro-Met-CCWJ-R for cadiepsin G 

Boc-Ala-Ala-Asp-CXW^-R for human lymphocyte gianzymeB 



20 
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Suc-Pro-Lcu-JTw-CO-Q-R and Boc-AlarAla-Phe-CO-Q-R 

forRMCP I (RMCP = rat mast cell 

protease) 

Boc-Gly-Leu-Phe-CO-Q-R, Suc-Phe-Leu-Phe-CO-Q-R 
^ for human and dog skin cl^mase 

Boc-Ala-Ala-Glu-OO-Q-R S. aureus V-g protease 

Z-Gly-Gly-Pro-CO-Q-R human prolyl endopqptidase 

Ala-Pio^OQ.R for DPP IV 

Suc-Ala-Ala-Pio-Val-CO-Q-R forPPE 
10 Suc-Lys(Cbz)-Val-Ptt>-Val-CX>Q-R. adamantyl-S02-Lys(CCX3l2CH2C02H)-Ala-Val-CO-Q- 

R, adamaniyi-CH2CH20CO-Glu(0-r-Bu)-Plo-VaI-a>Q-R, and adainantyl-S02-Lys(C0. 

C6E]4C02H)-Ala-Val-CX}-Q-R for human lenlmcTte (neutroiriiil) elastase 

Suo-Ala-AIa-Fh>-Lea-CX>^R for elastolytic proteinase from 

"Schistosoma mansoni" 

15 CHu-Phe-Lys-COQ-RandDns-Ala-'Phe-Lys-CO-Q-R 

for plasmin 

D-Val-Gly-Aig-CO-Q-R and Dns-Glu-Gly-Aig-CO-Q-R 

for factor Xa 

Z-Phe-Arg-CO-Q-R and Z-Ttp-Arg-CO-Q-R 
2Q fOT porcine pancreatic and human plasma 

kaBikreins 

Z-Lys-Arg-CXMJ-R for human skin tiyptase 

Z-Gty-Arg-CO-Q-R for human lung tiyptase 

Z-De-Ala-Gly-A^-CO-Q-R for factors IXa, Xa. XIa, Xlla and 

25 bovine plasma kallikiein 

Glu-Gly-Aig-CO-Q-R for urokinase 

Dns-Phe-Pro-Aig-CO-Q-R for plasminogen activator 

Dns-De-Pto-Arg-CO-Q-R for activated protein C 

Z-Trp-Aig-COQ-R for bovine fector Ka 

30 Z^y-Aig-CX)-Q-R for bovine fectorXa and Xfe 

Z-Phe-Aig-CO-Q-R for bovine factor Xlla 

Dns-au-Gly-Aig-CO-Q-R for human factor Xa 

D-Phe-Pro-Aig-CO-Q-R, D-MePhe-Pro-Aig-CO-Q-R, and 
Boc-D-Phe-Pro-Arg-CO-Q-R for human thrombin 

35 Z-Phe-Gly-Aig-CO-Q-R for trypsin 

a-C6H4CH20CO-Phe-Gly-CO-0-fl-Bu for papain 

C6H5CH2NHCO-Gly-Phe.Gly-CO-0-n-Pr 

forcathepsinB 
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where Q is O for ketoestets: and R is selected ftom the group consisting of H. C1.20 
alkyl. C1.20 alkyl with a phenyl group attached to the C1.20 aUcyl, andCi.20 wth an 
at t ached phenyl group substituted with K. 
where Q-R is OH for ketoacids. 

where Q-R is -NR3R4 and R3 & R4 are selected independendy from the group 
consisting of H, C1.20 alkyl. C1.20 cyclized alkyl. C1.20 alkyl with a phenyl group attached 
to the C1.20 alkyl. C 1.20 cyclized alkyl with an attached phenyl group, C1.20 alkyl witix an 
attached phenyl group substituted with K. C1.20 alkyl with an attached phenyl group 
disubstituted with K. C1.20 alkyl with an attached phenyl group ttisubstituted with K, C1.20 
cyclized alkyl widi an attached phenyl group subsdluted widi K, Ci.jq alkyl with a moipholine 
[-N(CH2C3l2X)] ring attached through nitrogen to the alkyl, Cmq alkyl with a piperidine ring 
attached through nitrogen to the alkyl, Cj.iq alkyl with a pyrrolidine ring attached through 
nitrogen to the alJgrl, C1.20 witii an OH group attached to the all^l, - 
CH2CH2OCH2CH2OH, Ci.io widi an attached 4-pyridyl group, Cj.iq with an attached 3- 
pyridyl group, C^o widi an attached 2-pyridyl group, Cj.iq with an attached cyclohexyl 
group, -NH-CH2CH2-(4.hydroxyphenyI), and -NH-CH2CH2-(3-indolyl). 

In Vitro Uses. To use the above inhibitors in vitro, they are dissolved ui an organic 
solvent such as dimethylsulfoxide or ethanol, and are added to an aqueous soludon contaming 
serine and/or cysteine proteases. TTie final concentration of the organic solvent shouU be less 
20 than 25%. The inhibitors may also be added as solids or in suspension. The serine and 
cysteine protease inhibitors of this invention would be useful in a variety of experimental 
procedures where proteolysis is a significant problem. Inclusion of diese inhibitors in a 
radioimmunoassay experiments would resuh in higher sensitivity. The use of these inhibitors 
in plasma fracdonadon procedures would result in higher yields of valuable plasma proteins and 
25 would make purification of die proteins easier. The inhibitors disclosed here could be used in 
cloning experiments utilizing bacterial cutaires. yeast and human cells to yield a purified cloned 
product in higher yield 

The novel compounds of diis invention are effective in die prevention of unnecessary 
proteolysis caused by chymooypsin-Iike, elastases, and trypsin-like enzymes in the process of 
purification, transport and storage of peptides and proteins as shown in Tables I. H, m, and IV 
by effective inhibition of chymoaypsin. elastase, nypsin. and otfier serine & cysteine 
proteases. 

In Vivo Uses. Effective inhibitors of the proteolytic function of human leukocyte 
elasiase and human cadiepsin O (Tables I and TV) would have anti-infiammatoiy activity and 
35 can be used to treat and control emphysema, adult respiratory distress syndrome and 
rheumatoid arthritis. Effective inhibitors of the proteolytic fimction of chymotrypsin and 
pancreatic elastase (Tables 1 and IV) are effective for tiierapeutic use in treatment of pancreatitis. 

Various a-ketoesters have anticoagulant activity as shown in Table II by effective 
inhibition of the proteolytic function of blood coagulatirai enzymes in Hepes buffer. Odier 
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pcptide o-ketoestas have auri-tumor activi ^ as shown in Table E by the effective inhibition of 
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Peptide o-ketocsters can be used to control protein turnover, muscular dystrophy, 
myocardial tissue damage, tumor metastasis, and bone resorption as shown in Tables m and IV 
byeffectiveinhibitionoflysosomalcathepsinBinbuffer. Peptide a-ketoesters can also he 
used as neuroprotectants or for the treanncnt of ischemia, stroke or Alzheimer's disease as 
shown in Tables m and IV by effective inhibitDn of calpain I and calpain H. 

Onsidetablecwidencehas showiithatleukncytedastas^ 
role in tumorceUmetastasis [Sato etaLJitf./.C«ni« 3a PP 669-673 a973):Kao« 

Biochm. Biaphys. Res. Comm. 105. pp 383-389 (1982): Powers, J. C in Modification of 
Proteins. R. E. Fteney and I. R. Whitaker. eds.. Adv. Chem. Scr 198, Amer. Chem. Soc.. 
WadL, D. C pp 347-367 (1982); aU incorporated herein by referencel, therefore it is 
suggested that compounds of this invention may have anti-mmor activity. 

Pulmonary emphysema is a disease characterized by progressive toss of lung elastidty 
duetothedestructionoflungelastinandalveolL The destractive changes of lung parentchyma 
assodattd with pulmonary emphysema arecaused by uncontroUed proteolysis in Im^ 
[Janoff, C*«r83. 54-58 (1983): incorporated herein by reference]. A number of proteases 
have been shown to induce emphysema in animals [Marco et al.. Am. Rev. Respir. Dis. 104, 
595-598 (1971); Kaplan./. Lab. CUn. Med. 82, 349-356 (1973); incorporated herein by 
20 referencel. particularly human leukocyte dastase [Janoff, ibid 1 15, 461-478 (1977); 

incoipotated herein by refeience]. Leukocyte elastase and other mediators of inflammation also 
appear to play a role in diseases such as mucocutaneous lymph node syndrome [Reiger et aL. 
Eur. J. Pediatr. 140, 92-97 (1983); incorporated herein by reference] and adult respiratory 
distress syndrome [Slockley, COmcal Science 64. 119-126 (1983); Lee et aL. M Eng. J. Med. 
25 304. 192-196 (1981); Rinaldo, ibid 301, 900-909 (1982); incoipotated herein by reference]. 

It is known Oat in vitro activity of elastase inhibitors correlates vnAt in vivo activity in 
ammal nxxiels of emphysema and inflammation [Ottemess et aL, editors. Advances in 
Inflammation Research, VoL 11, Raven Press 1986; incorporated herein by reference}. 
Prophylactic adminisnation of an inhibitor of elastase significantiy diminishes die extent of 
30 elastase-indnced emphysema [Kleinctmatt et aL, Am. Rev. Resir. Dis. 121, 381-387 (1980); 
Lucey et aL, Eur. Respir. J. 2. 421-427 (1989); incorporated herein by referencel. Thus die 
novel inhibitors described here shouW be useful for die treatment of emphysema and 
inflammation. Elastase inhibitors have been used orally, by injection, or by instillation in the 
lungs in animal studies (Powers, Am. Rev. Respir. Dis., 127, s54-s58 (1983); Powers and 
35 Bengali, Am. Rev. Respir. Dis. 134. 1097-1100 (1986); these two articles are incorporated 
herein by reference). The inhibitors described above can be used by any of these routes. 

Drug Delivery. For tiierapentic use, die peptide a-ketoesters, a-ketoamides, and a- 
ketoacids may be administered orally, topically orparenterally. The term parenteral as used 
includes subcutaneous injection, iniraveaious, intramuscular, intrastemal injection orinfiision 
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techiriques. ITic dosage depends primarily on the specific foimulation and on the object of the 
therapy or prophylaxis. The amount of the individual doses as well as the administration is best 
determined by individually assessing the particular case. 

The phar m ac e ut ic al compositions containing die active ingredi«it mqr be in a fam 
suitable for oral use, for example as tablets, troches, lozenges, aqueous or oily suspensions, 
dispersible powders or granules, emulsions, hard or soft capsules or syrups or elixirs. Dosage 
levels of the order to 0.2 mg to 1 40 mg per kilogram of body weight per day arc useful in the 
treatment of above-indicated conditions (10 mg to 7 gms per patient per day). TTje amount of 
active ingredient dm may be combined with carrier materials to produce a single dosage form 
wiU vary depending upon the host treated and the particular mode of administration. 

For injection, the therapeutic amount of the peptide a-ketoestets. a-ketoamides, and a- 
ketbacids or their pharmaceuticaUy acceptable salts will normally be in the dosage range'ftom 
0.2 to 140 mg/kg of body weight Administration is made by intravenous, intramuscular or 
subscutaneous injection. Accordingly, pharmaceutical compositions for parenteral 
administration win contain in a single dosage form about 10 mg to 7 gms of the compounds per 
dose. In addition to the active ingredient, these pharmaceutical compositions will usually 
contain a buffer. e.g. a phosphate buffer which keeps the pH in the range from 3.5 to 7 and 
also sodium chloride, mannitol or sori}itol for adjusting the isotonic pressure. 

A composition for topical appUcation can be formulated as an aqueous solution, lotion. 
jeUy or an oUy solution or suspention. A composition in the form of an aqueous solution is 
obtained by dissolving the compounds of this invention in aqueous buffer solution of pH4 to 
6.5 and if desired, adding a polymeric binder. An oily formulation for topical application is 
obtained by suspending die compounds of diis invention in an oil. optionaUy widi die addition 
of a swelling agent such as aluminium stearate and/or a surfactant. 

SYNTHETIC METHODS 
The ketoester inhibitors are prepared by a two step Dakin-West procedure. TTiis 
procedure can be utilized widi eidier amino acid derivatives, dipeptide derivatives, tripeptide 
derivatives, or tetrapeptide derivatives as shown in die foUowing scheme. 

M,— AA-OH ^ Enol Ester M,— AA-CO-O-R 

M,— AA-AA-OH ^ Enol Ester -M,— AA-AA-CO-OR 

M,— AA-AA-AA-OH Enol Ester — *-M,— AA-AA-AA-CO-O-R 

Ml— AA-AA-AA-AA-OH-*- Enol Ester -^M,— AA-AA-AA-AA-CO-O-R 
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The precursor peptide can be prepared using standard peptide chemistry which is well described 
in publications such as The Peptides. Analysis, Synthesis, Biology, Vol. 1-9, published in 
1979-1987 by Academic Press and Houben-Weyl Methoden der Organischen Chemie, Vol. 15, 
Parts 1 and 2, Synthese von Peptiden, published by Georg Thieme Verlag, SttUtgart in 1974 
5 (both references incorporated herein by reference). 

The Ml group can be introduced using a numb^ of different reaction schemes. First it 
could be introduced direcdy on an amino acid as shown in the following scheme (top), or the 
Ml group could be introduced by reacdon with an amino add ester, folbwed by removal of die 
ester group to give the same product (bottom). 

10 

H-AA-OH ^ Ml— AA-OH 

H-AA-O R" ^ Mt— AA-0 fV M^— AA-OH 

The techniques for introduction of the M x group is well documented in the The 
Peptides, Houben-Weyel, and many o±er textbooks on organic synthesis. For example 
reaction with cyanate or /7-nitropheny 1 cyanate would introduce a carbamyl group (M^ = 

15 NH2CO-). Reacdon widi I^NCOQ would intxoduce die Me2NCC>* group. Reaction widi p- 
nitrophenyl tfaiocarbamate would introduce a thio carbamyl group (Mi ^ NH2CS-). Reacdon 
with NH2SO2CI would introduce the NH2SO2- group. Reaction widi Me2NSC)2a would 
introduce the Me2NS02- group. Reaction with a substituted alkyl or aiy 1 isocyanate would 
introduce the X-NH-CO- group where X is a substituted alkyl or aryl group. Reaction with a 

20 substituted aU^I or aiyl isothiocyanate would introduce the X*NH-CS- group where X is a 
substututed alkyl or aiyl group. Reaction with X-S02-C1 would introduce the X*S02- group. 
Reaction with a substituted alkyl or aryl acid chloride would introduce an acy 1 group (M « X- 
CO-). For example, reaction widi MeO-CX><3l2CH2-CO-a would give the X-CO- group 
where X is a C2 alkyl substituted widi aCi alkyl-OCO group. Reaction with a substituted 

25 alkyl or aiyl thioacid chloride would innxxiuce a thioacgrl group (M = X-CS-). Reaction widi an 
a substimted alkyl or aiyl sulfonyl chl<^de would introduce an X-SO2* g^oup. For example 
reaction witii dansy I chloride wouki give the X-SO2- derivative where X was a naphthyl group 
mono substituted with a dimethylamino group. Reaction with a substituted alkyl or aryl 
chloroformate would inoxxhice a X-O-CO- group. Reaction with a substimted alkyl or aryl 

30 chlorothiofonnate would introduce a X-OCS-. There are many alternate reaction schemes 
which could be tised to introduce all of the above Mi groups to give either Mi-A A-OH or Mi* 
AA-OR'. 

The Mi-AA-OH derivatives could then be used direcdy in die Dakin*West reaction or 
could be converted into the dipepiides, tripeptides, and tetrapeptides Mi-AA-AA-OH, Mi-AA- 
35 AA-AA-OH, or Mi-AA-AA-AA-AA-OH which could be be used in the Dakin-West reaction. 
The substimted peptides Mi-AA-AA-OH, Mi-AA-AA-AA-OH, or M-AA-AA- AA-AA-OH 
codd also be prqwucd direcdy firom H-AA-AA-OH» H-AA-AA- AA-OH, or H-AA- AA-AA- 
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AA-OH using the reactions described above for intnxiucrion of the M group. Alternately, the 
M group could be introduced by reaction with carboxyl blocked peptides to give M i -AA- AA- 
OR', Mi-AA-AA-AA-OR', or Mi-AA-AA-AA-AA-OR'. foUowed by the removal of the 
blocking group R'. 

The Ri group in the ketoester structures is introduced during die DaUn-West reaction 
by reaction with an oxalyl chloride a-CCKXM)-R. Fbr example, reaction of Mi-AA-AA-OH 
with ethyl oxalyl chloride Q-CO-CXMJ-Et gives the keto ester Mi-AA-AA<XK)-El Reaction 
of Mj-AA-AA-AA-AA-OH with Q-CO-COO-Bzl wouU give the ketoester Mi-AA-AA-AA- 
AA-CO-O-Bzl. Cleariy a wide variety of R groups can be introduced into the ketoester 
structure by reaction with various alkyl or arylalkyl oxalyl chlorides (Q-CO-COO-R). The 
oxalyl chtorides are easily prepared by reaction of an alkyl or arylalkyl alcohol with oxalyl 
chloride a-CX)<X)-a For example, Bzl-CW:CKXKn and n-Bu-CKTOCO-a arc prepared 
by reaction of rrepectively benzyl alcohol and butanol with oxalyl chloride in yields of 50% and 
80% [Wairen, C. B., and Malee. E. J., J. Chromatography 64. 219-222 (1972); incorporated 
15 herein by reference]. 

Ketoacids Mi-AA-COOH. Mj-AA-AA-OM)!!, Mi-AA-AA-AA-COOH, Mj-AA- 
AA-AA-AA-CO-OH, are generally prepared from the corresponding ketoesters Mi-AA-CO- 
OR, Mi-AA-AA-CO-OR, Mi-AA-AA-AA-COOR, Mi-AA-AA-AA-AA-CCKDR by alkaline 
hydrolysis. In some cases, it may be necessary to use other methods such as hydrogenolysis 
of a benzyl group (R = Bzl) or add cleavage (R = r-butyl) to obtain the ketoacid. The alternate 
methods would be used when the M group was labile to alkaline hydrolysis. 

Ketoamides M1.AA-CO-NR3R4. M-AA-AA-CX)-NR3R4. M-AA-AA-AA-CO.NR3R4, 
M- AA-AA-'AA-AA-C(>NR3R4 were prepared indirecdy fiom the ketoesters. Tlie ketone 
carbonyl group was first protected as shown in the following scheme and then the ketoamide 
was prepared by reaction with an amine H-NR3R4. The illustrated procedure should also work 
with other, protecting groups. In addition, the corresponding ketoacid could be used as a 
precursor. Blocking the ketone carbonyl group of die ketoacid and tfien coupling with an amine 
H-NR3R4 using standard peptide coupling reagents wouW yield an intermediate which could 
then be deblocked to form the ketoamide. 
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General Synthenc Methods. Unless^ otherwise noted, materials were obtained from 
commercial suppliers and used without further purification. Melting points were taken with a 
Buchi capillary apparatus and are uncorrected. NMR spectra were determined on a Varian 

5 Gemini 300. Chemical shifts are expressed in ppm (5) relative to internal tetramethylsilane. 
Flash column chromatography was performed with Universal Scientific Inc. silica gel 0-63. 
Elecnon-impact mass spectra (MS) of novel compounds were determined with a Varian MAT 
1 12s spectrometer. The purity of all conq)Ounds was checked by thin-layer chromatography 
on Baker a2S0F silica gel plates using the following solvent system: A, CHCLjiMeOH - 20:1 

10 vrv: B, CHajMcOH « 100:1 v/v; C. AcOEt; D. CHCljJ^eOH = 10:1 v/v; E, 

n-BuOBtAcOIfcpyiljO = 4:1:1:2 v/v; F, CHCl3:MeOH = 5:1 v/v: G, AcOEtMeOH = 10:1 
v/v: a (i-Pr)20; I CHCl3:MeOH:AcOH = 80:10:5 v/v: J, CHCl3JVleOH:AcOH = 95:5:3 v/v; 
K. AcOEtrAcOH = 200:1 v/v; L. CHCly M, CHCl3:MeOH = 50:1 v/v 

Amino arid methyl ester hydrochlorides were prepared according to M. Brenner et 

15 al.[//c/v. Chem. Acta 33, 568 (1950); 36, 1 109 (1953)] in a scale over 10 mmol or according 
to Rachcle [/. Org. Chem, 28,. 2898 (1963)1 in a scale of 0.1-1.0 mmol. 

DL-Nva-OCHj-HCl, 
L-ne-OCH3-Ha 
20 L-Phe-OCHj-Ha, 
DL-AbuOCHjHCl, 
L-Leu-OCHj-HQ 
DL-Nle-OCHj-Ha 
4.a.Phe-OCH3-Ha 

25 N-Acylamino acids was synthesized via Schotten-Baumarm reaction OL Bergmann, L. 

Zervas, Chem. Ber. 65, 1 192 (1932)] in the case when the acyl group was phenylsulphonyl, 
2-naphtbyIsulphonyl or benzoyl. 
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113-116 


116-117 


98 


90-91 


98-100 


98 


159-161 


158-160 


100 


148-150 


150-151 


100 


145.5-146.5 


147 


93 


120-121 


122-123 


98 


184-185 (deconq).) 


185-186 
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Yield (%) mpCO TLC (Rp cluent) 

2-NapS02-L-Leu-OH 49 115-116 0.58 I 

Z-NapSOj-DL-Abu-OH 51 150-151 0.50 I 

2-NapS02-L.Phe-OH 57 148-148.5 0.48 K 

PheSOj-DL-Abu-OH 44 142-143 0.51 K 

PhCaDL-Abu-OH 64 141-142 0.64 K 

N-Acylamino acids with 4-iRethylpentanoic, 2-(l-piopyl)pentanoic and 
7-phenylhq)tanoic group was synthesized in a two step synthesis. The N-acylamino acid 
methyl ester was obtained first and then was hydrolysed to the free N-acy lamino acid. 

N'Acylanuno Acid Methyl Esters (General Procedure). To a chilled (10 ^ sluny of 
the appropriate amino acid methyl ester hydrochloride (20 mmol) in 100 ml benzene was fldd fd 
slowly (temp. 10- 15 ®Q 40 mmol triethylamine or N-mcthylmorpholine and tfien the reacdon 
mixture was stirred for 30 minutes at this temperature. Then 18 mmol of appropriate acid 
chloride (temp. 10-15 °C) was added slowly to the reaction mixture and the reaction mixture 
15 was stirred overnight at room tcmperamre. The precipitated hydrochloride was filtered, washed 
on a funnel with 2 x 20 ml benzene, and the collected filtrate.was washed successively with 2 x 
50mll MHCl2x50ml5%NaHCO3, Ix 100 ml HjO. 2 x 50 ml satd. NaQ and dried over 
MgSO^. After evaporation of the solvent in vacuo (rotavapcxator), the residue was checked for 
purity (TLC) and used fo£ the next step (hydrolysis). 
20 Yield (%) mp(X) 

(CH3)2CH(CH2)2CO-DL-Abu-CX:H3 80 oil 

(CH3CH2CH2)2CHCO-DL-Abu.OCH3 96 117-118 

Ph(CH2)gCO-DL-Abu-OCH3 72 oQ 

Hydrolysis (General Procedure). To a solution of 1 0 nunole of die appropriate 
25 N-acylamino acid mediyl ester in lOOmlof methanol was added in one portion 1125 ml of 1 
M NaOH ( 1 1 .25 mmol) and the reaction roixoue was stirred three hours at room temperature. 
Then the reaction mixture was cooled to O X (ice-salt bath) and acidified to pH s 2 widi 1 M 
HQ aq. To this reaction mixture was added 100 ml ethyl acetate, transferred to a separatory 
funnel and organic layer separated The water layer was saturated with solid NaCl or 
30 (NH^)2S0^ and rccxtracted with 2 x 50 ml AcOEt The collected orgaiuc layer was washed 
with 2 X 50 ml li^O, decolorized with carbon, and dried over MgSO^. After evaporation of the 
solvent in vacuo (rotavaporaior), die residue was checked for purity (TLC) and in tiie case of 
contamination was crystallized from an appropriate solvent 

Yield (%) mpCQ 
35 (CH3)2CH(CH2)2CO-DL-Abu-OH 92 110.5-112 

(CH3CH2CH2)2 CHCO-DL-Abu-OH 99 126-127 (n-octane) 

Ph(C:H2)gC0-DL-Abu.0H 89 1 lO-l 12(n-octane) 

N-Acyldipcptide methyl esters were synthesized via the HOBt-DCC method in a DMF 
solution fKonig and Geiger. Chem. Ber. 103, 788 (1970)]. 
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15 



20 



25 



30 





Yield (%) 


mpCQ TLC (Rf, eluent) 


Z-Leu-DL-NVa-OCHj 


80 


112-113 


0.37 B 


Z-Leu-L-Phe-OGH^ 


S3 


86-87 


0.85 A 








0.39 B 


Z-Leu-L-OeOCH^ 


97 


oil 


0.79 A 








0.43 B 


Z-Loi-DL-Abu-OCH^ 


99 


86-88 


0.33 B 








0.26 H 


Z-Lea-I^Leu-OCHj 


80 


91-92 


0.79 G 


Z-Leu-DLrNLea-OQl^ 


97 


lU-lUJ 




Z-Lea-4-a-Phe-OCH2 


65 


112-132 


0.77 J 






(liquid crystal?) 


0.68 K 


a-NapSOj-Leu-DL-Abu-OCHj 


99 


oil 


039 A 


2-NapS0--Lett-L-Leu-0CH, 


90 


97-985 


0.63 A 



N-Acyldipqnides were obtained by hydrolysis of the appropriate methyl esters via a 
general hydrolysis procedure. la the case of N-sulph(myldipeptide methyl esters, 1 equivalent 
of the methyl ester was hydrolyzed with 2.25 equivalent of 1 molar NaOH because of form a 
sulfonamide sodium salt 



Z-Leu-DL^NVa-OH 
Z-Leu-L-E%e-OH 

Z-Leu4^ILe-OH 

ZrLeu-DL-Abu-OH 
Z-Leu-L-Leu-OH 
Z-Leu-DL-NLeu-OH 
Z-Lett-4-a-Phe-OH 



Yield (%) 

100 

92 

79 

99 
97 
98 
87 



mp(X) 

117-118J 

105-106J 

77-79 

glass 
glass 
95-96 
104-114 
(liquid crystal?) 
180-195 (decomp) 
68-70 



TLC (Rp eluent) 

0.11 A 

0.28 C 

0.55 G 

0.22 A 

0.52 C 

0.61 G 

QS6 I 

0.48 K 



2-NapS02-Leu-DL-Abn-OH 97.4 180-195 (decoinp) 0.58 I 

2-NapS02-Lett-L-Leu-OH 94.0 68-70 0.52 I 

N-Acytiq)q)tuie mediyl esters were synthesized via HOBt-DCC mediod in DMF 
solution [Kdnig and Geiger. Chem. Ber. 103, 788 (1970)]. 

"5ridd(%) tapCQ TLC (Rp duent) 

Z-Leu-Leu-Abu^KHj 87 140-141.5 030 A 

Z-Leu-Leu-Phe-OCHj 76 158-159 0.83 J 

2-NapS02-Leu-Uu-Abu-OCf^ 97 >200 032 A 

N-Aqrltripepdde were obtained duougfa hydrolysis of the appropriate methyl esters via 
general hydrolysis procedme. bi die case of N-sulphonyltripepdde methyl ester, 1 equivalent 
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of methyl ester was hydrolyzed with 2.25 equivalent of 1 molar NaOH to form the sulfonamide 



sodium salt 

Z-Leu-Leu-Abu-OH 
Z-Leu-Leu-Phe-OH 
2-NapS02-Leu-Leu-Abu-OH 



Yield mp (®C) TLC (Rf, eluent) 

97 glass 0.69 I 

98 glass 0.44 K 
85 193-195 (dccomp) 0.53 I 

0.32 J 



The following detailed examples axe given to illustrate the invention and axe not intended 
10 to limit it in any manner. 

EXAMPLEl 

Z-Ala-DL-Ala*COOEt» This compound was synthesized by a modified Dakin-West 
procedure [Charics ci al., J. Chem. Soc. Perldn /, 1 139-1 146, (1980)]. To a stirred solution 
of Z-Ala-Ala-OH (880 mg, 3 mmole), 4-dimethylaminopyridine (15 mg, 0.31 mmole), and 

15 pyridine (0.8 mU 10 mmole) in tetrahydrofuian (3 mL) was added ethyl oxalyl chloride (0.7 
mU 6 mmole) at a rate sufficient to inidate refluxing. The mixture was gently refluxed for 3i 
h. The mixture was treated with water (3 mL) and sdned vigorously at room temperanire for 
30 min. The mixnire was extracted with ethyl acetate. The organic extracts were dried and 
evaporated to obtain the residue (1.45 g). The residue was chromatographed on silica gel and 

20 eluted with CH2Q2 ^ S^^e the enol ester product, oil (500 mg, 37%); single spot on tic, Rf^ - 
0.67 (CHa3:MeOH = 9:1); MS, m/e = 451 (M++1). To a stirred suspension of the enol ester 
(210 mg, 0.47 mmol) in anhydrous ethanol (1 mL) at room temperature was added diopwise a 
solution of sodium ethoxide in ethanol until a clear yellow solution resulted. The ethanol was 
then removed and the residue was txtated with edier. The ether solution was washed with 

25 water, dried, and evaporated to give a residue. This residue was chromatographed on a silica 
gel and the product was eluted with methylene chloride. The solvent was removed, and the 
peptide ketoester Z-Ala-DL-Ala-CC}2Et was obtained as an semi-solid (150 mg, 92 %); single 
spot on dc, Rfl 0.58 (CHQstMeOH = 5:1); MS, m/e = 351 (M++1). Anal. Calcd. for 
Ci7H2206N2-l/3 H2O: C. 57.29; H. 6.22; N, 7.86. Found; C, 57.23; H, 6.36; N, 8.17. 

30 EXAMPLE2 

Z-Ala-AIa«DL-Ala-C02£t This compound was prepared from Z-Ala-Ala-Ala-OH 
using the same procedure as described in Example 1. The product was crystallized from ethyl 
ether in 23% yield; single spot on dc, Rf2 = 0.31 (CHa3:MeOH = 9:1); mp 143-144 **C; MS, 
m/e = 421 (M+). Anal. Calcd. for C20H27O7N3: C, 56.99; H, 6.46: N, 9.97. Found: C, 

35 56.96; H, 6.49; N, 9.92. 

EXAMPLES 

Z-AIa-Ala-DL-Abu-C02Et. This compound was prepared from Z-Ala-Ala-DL- 
Abu-OH in 1 1% yield by the procedure described in Example 1; single spot on tic, Rf^ » 0.60 
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(CEOyMeOH. = 9:1); mp 111-113 "C; MS, m/e = 436 (M++1). AnaL Calcd. for 
C21H29O7N3 I/3 H2O: C 57.13; H, 6.75; N, 9 Jl. Foun± C, 57.38; H, 6.82; N. 9.62. 

EXAMPLE4 

Z-AIa-AIa-DL-Nva-C02Et. This compound was prepared from Z-Ala-Nva-OH in 
5 20% yidd by the procedure described in Example I ; single spot on tic, Rf ^ = 0.64 

(CHas^IeOH = 5:1); MS, m/e = 450 (M++1). AnaL Calcd. for C22H3 i07N3-H20: C, 
56.51; H, 7.11; N, 8.99. Fbund: C, 56.42; H, 7.08; N, 9X)6. 

EXAMFLE5 

Z-Ala>Pro>DL«AIa>C02Et This compound was prepared from Z-Ala-Pro-Ala- 
10 OKdicycIohexylamine in 19% yield by the procedure described in Example 1; single spot on 
tic Rf2 = 0.55 (CHa3:MeOH = 9: 1): MS, m/e = 447 (M+). AnaL Calcd. for 
C22H2907N3-1/2 H20: C, 57.88; H, 6.62; N. 9.21. Found: C, 57.65; H, 6.68; N, 9.17. 

EXAMFLE6 

2^Ala>Ala-Ala-DLrAIa-C02EL The compound was prepared from Z-AIa-AIa-Ala- 
15 Ala-OH in 7% yidd by the procedure described in Example 1; single spot on tic, Rf2e0.40 
(CEayMeOK - 9:1); mp. 163-165 *C; MS, m/e = 493 (M++1). AnaL Calcd. for 
C23H3208N4-1/2 H2O: C, 55.08; K 6.63; N, 11.17. Found: C, 54.85; H, 6.53; N. 11.14. 

EXAMFLE7 

Bz-DL>Phe-C02Et This compound was prepared from Bz-Phe-OH in 36% yield 
20 by the procedure described in Example 1, oiL single spot on tic, Rf2 = 0.61 (CHC13:MeOH = 
9:1); MS, m/e = 325 (M+). Anal. Calcd. for Ci9Hi904N.l/3 H2O: C, 68.86; R 5.98; N, 
4.22. Found: C, 69.10; H. 6.09; N, 4.38. 

EXAMPLES 

MeO-Su^AIa>DL*AIa-C02Me. Tliis compound was prepared fmm MeO-Suo- 
25 Ala-AlarOH in 22% yield by die same procedure as described in Exanq>Ie 1, except that sodium 
methoxide in methanol was used for enoi ester hydrolysis, single spot on dc, Rf^ = 0.43 
(CaayJAcOK = 9:1); MS, m/e = 317 (M++1). Anal. Calcd. for C13H20O7N4.I/3 H2O: C, 
48.44; H, 6.46; N, 8.69. Found: C, 48.56; H, 6.39; N, 8.69. 

EXAMPLE9 

30 MeO-Suc-Ala'Ala-Pro-DL-AbU'COjMe. This compound was prepared from 

MeO-Suc-Ala-Ala-Pto-DLrAbu-OH in 22% yield by the procedure described in Example 8; 
foam, single spot on tk, Rf ^ » 0.66 (CHdyMeOH. » 5: 1). AnaL Calcd. for 
C22H3409N4-H20: C 51J3; H, 7.02; N, 10.85. Found: C. 51.11; H, 7.03; N, 10.88. 

EXAMPLE 10 

35 MeO*Suc-VaI-Pro-DL-Phe-C02Me. This compound was prepared from MeO- 

Suc-Val-Pn>-Phe-OH in 42% yield by the same procedure as described in Example 8: foam, 
single spot on dc, Rf2 0.57 (CHa3:MeOH = 9: 1); MS, m/e = 5 17 (M+). AnaL Calcd. for 
C26H3508N3-2/3 H20: C, 58.96; H, 6.90; N, 7.93. Found: C, 58.92; H, 6.96; N, 7,89. 

EXAMPLEll 
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Bz-DL>Ala-C02-n>Bu. This compound was prepared from Bz-Ala-OH in 45% 
yield by the procedure described in Exanqile 1, except that n-butyl oxalylchloride was used for 
the Dakin-West reaction and sodium n-butoxide in n-butanol was used for enol ester 
hydrolysis; colorless oil, single spot on dc, Rf2 s 0.72 (CHClyMeOH = 9:1); MS. m/e = 277 
5 (M+). 

EXAMPLE 12 

Bz'DL>Ala-C02BzI. This compound was prepared from Bz-Ala-OH in 26% yield 
by the procedure described in Example I, except tfaat benzyl oxalyl chloride was used in place 
of ethyl oxayl chloride and sodium bem^Ioxide in benzyl alcohol was used for enol esta 
10 hydrolysis; single spot on tic. Rf2 -0.69 (CttClyMeaa - 9:1); mp 95-97 *C; MS, m/e - 312 
(M++1). AnaL Calcd. for Ci8Hi704N-l/2 H2O: C, 67.48; H, 5.66; N, 4.37. Found: C, 
67.78; H, 5.55; N, 4.66. 

EXAMPLE 13 

Z-Ala-DL-Ala-C02-n-Bu. This compound was prepared from Z-Ala-Ala-OH in 
15 14% yield by die procedure described in Example 1, except that n-butyl oxalyl chloride was 
used in the Dakin-West reaction and sodium n-butoxide was used for enol ester hydrolysis; oil, 
single spot on tic, Rf2 = 0.45 (CHClyMeOK = 9:1); MS, m/e = 378 (M+). Anal. Calcd. for 
C19H26O6N2.I/3 H2O: C. 59.35; H, 7.00; N, 7.29. Found: C. 59.41; H. 7.03; N. 7.10. 

EXAMPLE 14 

20 Z-AIa-DL-Ala>C02Bzl. This compound was prepared from Z-Ala-Ala-OH in 36% 

yield by the procedure described in Example 1, except that benzyl oxalyl chloride was used in 
the Oakin-West reaction and sodium benzyloxide in benzyl alcohol was used for enol ester 
hydrolysis; single spot on tic, Rf2 » 0J5 (CHa3:MeOH = 9:1); MS, m/e = 413 (M++1). 
AnaL Calcd. for C22H24O6N2: C, 64.06; H, 5.87; N, 6.79. Found: C, 63.79; H, 5.95; N, 

25 6.72. 

EXAMPLE 15 

Z-Ala-AIa-DL-Abu-C02Bzl. This compound was prepared from Z-Ala-Ala-Abu- 
OH in 3 1 % yield by the procedure described in Example 1 , except that benzyl oxalyl chloride 
was used in the Dakin-West reaction and sodium benzyloxide in benzyl alcohol was used for 
30 enol ester hydrolysis: single spot on dc, Rf2 = 0.40 (CHa3dvleOH = 9: 1): mp 124-125 "C; 
MS. m/c = 498 (M++1). AnaL Calcd. for C26H3i07N3-2/3 H2O: C, 61.28; H, 6.39; N, 
8.24. Found: C. 61.14; H, 6.65: N, 7.94. 

EXAMPLE 16 

Bz'DL-Ala-COOH. The hydrolysis procedure of Tsushima et al. [/. Org. Chem. 
35 49, 1 163-1 169 (1984)] was used. Bz-DL-Ala-C02Et (540 mg, 2.2 mmol) was added to a 
solution of 650 mg of sodium bicarbonate in an aqueous 50% 2-propanol solution (7 J mL of 
H2O and 2-propanol) and stirred at 40 °C under nitrogen. After adding etiiyl acetate and a 
saline solution to die reaction mixture, the aqueous layer was separated and acidified with 2N 
HQ and extracted with ethyl acetate. The orgaiiic layer was dried over magnesium sulfate and 
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the solvent was lemoved under reduced pressure. The crude hydrolysis product was 
chromatographed on silica gel and eluted with methylene chloride and methanol to obtain an oil 
(150 mg, 31%); single spot on tic, Rf* = 0.68 (n-butanol:acetic acid:pyridine:H20 = 4: 1: 1:2V 
AnaL Calcd. for CnHii04N-3/4 HoO: C, 56.28; H, 5.37; N, 5.97. Found: C. 56.21; H. 
5 5.46; 5.66. 

EXAMPLE 17 

Z-Leu-DL>Nva-COOEt This coo^und was i«epared horn Z'^Leu-Nva-OH in 60 

% yield by the pcoceduze described in Example 1 : oiU one spot on tic, Rf = 0.49 

(CHQarMeOH » 20:1). NMR (OXHa) d: 0.91 (t, 9H), CH3; 1.25 (t, 3H), CHy 1.38 (q, 
10 2H), OCH2CH3; 1.64 (m, 6H), CH2; 1.85 (m, IH), CH(CH3)2; 4.34 (m, IH) 

CH2CH(NHCOOCH2Ph)CONH; 5.12 (d. 3H) NHC2I(CO)C3l2 and 0CH2Ph; 532 (d, IH) 

NH; 6.71 (d, IH) NH; 7.36 (s, 5H) Ph. 

Z-Leu-DL-Nva-enol ester, the precursor of Z-Leu-DL-Nva-COOEt was synthesized by 

the same procedure as described in Example 1 and purified by column chromatography, oil, 
15 one spot on tic NMR (CDOs) d: 0.96 (t, 9H); 1.25 (t, 3H); 1.41 (t, 2H); IM (m, 4H); 1.72 

(m, 3H); 2.80 (t, 2H); 4.20 (q, 2H): 4.43 (q. 2H): 5.16 (q, 2H); 5.23 (s, IH); 7.37 (m, 5H); 

11.33 (s. IH). 

EXAMPLE 18 

Z-Leu-DL-Phe*COOEL This compound was prepared from Z-Leu-Phe-OH in 30 

20 % yield by the procedure described in Example 1 ; oil, one spot on tic, Rf = 0.47 

(CHCLyMeOK = 50:1). NMR (CDQs) d: 0.88 (d, 9H), OCH2CH3 and (CH3)2CH; 1.35 (q, 
2H), OCH2CH3; 1.56 (q, 2H), (CH3)2CHCH2CH: 3.03 (m, IH), (CH3)2CH: 4.32 (m, 
2H). NHCH(00)CH2; 5.08 (s. 4H) CH2Ph; 5.40 (m, IH) NH; 6.61 (d, IH) NH; 7.31 (s, 
5H) Ph: 7.35.(s, 5H) Ph. 

25 Z-Leu-DL-Phe-end ester, the precmsor of Z-Leu-DL-Phe-COOEt was synthesized by 

the same procedure as described in Example 1 and purified by column chromaiogiaphy, oil. 
one spot on tic. NMR (€003) ± 0.86 (t, 3H); 0.99 (t, 3H); 1.24 (t. 3H); 1.40 (t, 3H); 1 J2 
(m, 2H); 1.83 (m, 2H): 4.23 (m, 4H); 439 (q, 2H); 5.10 (t, 2H); 5.18 (s, IH); 7.26 (m, 5H); 
7.34(in,5H); 8.89 (s. IH). 

30 EXAMPLE 19 

Z-Leu-DL>Abu-COOEL This compound was prepared from Z-Leu-Abu-OH in 33 
% yield by the procedure described in Example 1 ; oil, one spot on dc,Rf =0.66 
(CHas-AieOH = 20:1). NMR iCDd^) d: 0.96 (t, 9H). OCH2CH3 and (CH3)2CH: 126 (t, 
3H). CH2CH2CH3; 1.37 (q, 2H), OCH2CH3; 1.66 (q, 2H). (CH3)2CHCH2CH : 2.00 (m. 

35 IH), CH(CH3)2; 4.12 (q, 2H) CHCH2CH3; 4.34 (m, IH) NHCH(CONH)C3l2CH(CH3)2: 
5.12 (q, 3H) CH2Ph and CONH(Et)CHCOCOO; 5.29 (t, IH) NH; 6.79 (d, IH) NH; 7.35 (s, 
5H) Ph. 

Z-Leu-DL-Abu-enol ester, the precursor of Z-Leii-DL-Abu-OOOEt was syntfiesizedby 
the saxne procedure as described in Example I and purified by column chromatography, oil 
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one spot on Uc. NMR (CDCD) d: 0.98 (t, 6H): 1.12 (t, 3H); 1.24 (u 3H); 1.41 (L 3H): 1.73 
(m, 4H); 2.86 (q, 2H); 4.20 (q, 2H); 4.31 (m. IH); 4.42 (q, 2H); 5.15 (q, 2H): 5.21 (s, IH); 
7.34 (m,5H); 11.29 (s, IH). 

EXAMPLE 20 

5 Ala-DL-Lys-COOEMICK To a solution of N-carbobenzyloxyalanyl-Ne- 

carbobenzyloxylysine (1.88 3.9 mmol), 4-diniethylaxninopyridine (21 mg, 0.17 nunol), and 
pyridine (1.0 mL, 12.4 mmol) in THF (7 mL) was added ediyl oxalyl chloride (0.9 mU 8.0 
nunol) at a rate sufficient to start lefluxing. The mixtuxe was refluxed gently for 3 hr, treated 
with water (4 mL), and stirred vigorously at zoom temperature for 30 min. The mixture was 

10 exuacted with ethyl acetate, the organic extracts were washed with water, dried over MgS04 
and evaporated to give an oily residue (1 J6 g). To a solution of the enol ester (1 J6 g, 2.7 
nunol) in anhydrous edianol was added diqpwise a solution of sodium ethoxide in ethanol at 
room temperanire until the solution turned dear yellow. Edianol was removed and the residue 
was dissolved in ethyl acetate. The organic solution was washed with water, dried over 

15 MgS04. and evaporated to give a residue. This residue was then purified by column 
chromatography and the product was eiuted with chloroform*methanol. The solvent was 
removed and Z-Ala-DL-Lys(Z)-C02Et was obtained as a hygroscopic powder (328 mg, 16 %), 
single spot on Uc, Rf2 = 0.53 (CHCl3:McOH = 9:1); MS, m/e = 542 (M++1). 

N-Carbobcnzoxyalanyl-DL-Necarbobcnzoxylysine keto ethyl ester, Z-Ala-DL-Lys(2:)- 

20 C02Et (328 mg, 0.61 mmol) was deprotected with liquid HF containing anisole at 0 for 30 
min. The HF was removed under reduced pressure. The residual oil was dissolved in absolute 
ethanoL HCH/ethanol was added to the solution, and ethanol was removed in vacuo. The 
residue was washed by decantation with edier to give a semi solid (216 mg, 100 %); single spot 
on tic (n-butanol:acetic aci±pyridine:H20a4:l:l:2), 

25 

EXAMPLE 21 

Bz»DL-Lys-COOEt*HCI. This compound was prepared from Bz-DL-Lys(Z)- 
CXXDEt in 62% yield by the procedure described in Example 20; one spot on ttc» Rf^ = 0.57 (n- 
butanokacetic acid.i}yridineJl20 » 4:1:1:2). The precursor, Bz-DL-Lys(Z)-COOEt was 
30 prepared from Bz-Lys(Z)-OH in 100% yield by die procedure described in Example 1; powder, 
one spot on tic, Rf2 = 0.75 (aia3:MeOH = 9:1); MS, m/e » 440 (M+). Anal. Calcd. for 
C24H2806N2-2/3 H2O: C 63.70; H, 6.53: N, 6.19. Found: C, 63.49; H, 6.5!; N, 5.92. 

EXAMPLE 22 

Bz-DL-Arg-COOEt»HCI. This compound was prepared from B2-DL-Arg(Z)- 
35 COOEt in 99% yield by the procedure described in Example 20; one spot on tic, Rf4 = 0.71 
(n-butanolracetic aci±pyridine:H20 = 4:1:1:2), Sakaguchi reagent positive. Bz-DL-Arg(Z)- 
C(X}Et was prepared from Bz-DL-Arg(Z)-OH in 19% yield by the procedure described in 
Example 20, Rf2 « 0.38 (CHQsAIeOH = 9:1); mp 140-142 **C; MS, m/e = 468 (M+). Anal. 
Calcd for C24H28O6N4: C 6U3; H. 6.02; N, 11.96. Found: C 61.96; H, 6.48; N. 12.34. 
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EXAMPt£23 

H-Gly-DL-Lys-COOEt*2HCL This compound was prepared from Z-Gly-DL- 
Lys(Z)-CCX3Et in 92% yield by the procedure described in Example 20; Rf* = 0.21 (n- 
butanolracetic addrpyridine Jl20 » 4:1:1:2). Z-Gly-DL-Lys(Z)-CC)OEt was prepared from Z- 
5 Gly-Lys(Z)-OH in 9% yield by the procedure described in Example 20, one spot on dc, Rf 1 » 
0.68 (CHa3:MeOH = 5:1); MS, m/e = 528 (M++1). * 

EXAMPLE24 

H-Pro-DL-Lys-COOEt-2HCL This compound was prepared from Z-Pro-DL- 
Lys(Z)-COOEt in 100% yield by the procedure described in Example 20; one spot on dc (n- 
10 butanol.-acetic aci±pyridinedH20 - 4:1:1-2)- Z-Pto-DL-Lys©-CCX)Et was prepared from 
Z-Fto-Lys(Z)OH in 15% yield by the procedure described in Example 20; R^ « 0.73 
(CHC13:MeOH = 9:1); MS. m/e 568 (M++1). 

EXAMPLE 25 

H-Phe-DL-Lys-C00Et-2HCl. This compound was prepared from Z-Phe-DL- 
15 Lys(Z)-COOEt in 39% yield by the procedure described in Example 20; one spot on tic (n- 
butanokacedc acidqpyridine JI20 ^4:1: 1:2). Z-Phe-DL-Ly s(Z)-COOEt was prepared from Z- 
Phe-Lys(Z)-OH as previously descriibed in 9% yield, Rf2 = 0.68 (CHCl3:MeOH = 9:1); MS. 
m/e = 482(M+). 

EXAMPLE26 

20 H-Leu-AIa-DL-Lys-C00Et-2HCL This compound was prepared from Z-Leu- 

AIa-DL-Lys(Z)-COOEt in 52% yield by the procedure described in Example 20; one spot on dc 
(n-buianol:acctic acid.-pyridine:H20 = 4:1:1:2). 

Z-Leu-Ala-DL-Lys(Z)-COOEt was prepared from Z-Lea-Ala-DL-Lys(Z)-OH in 5% 
yield by die previously described Dakin West reaction, Rf3 = 0.34 (CHCl3:MeOH = 19:1); 

25 MS, m/e = 609 (M+.OCH2CH3). 

EXAMPIJE27 

Simple Amino Acid. Di- and Tripq)dde Enol Esters (General Procedure). A modified 
Dakin-West procedure was used [Charles et aL. /. Chem. Soc. Perldn f, 1 139 (1980)] and is 
illustrated with the synthesis of Z-Leu-DL-Phe-EE. To a stirred solution of Z-Leu-Phe-OH 

30 (6.19 g, 15.0 manol), 4-dimediylaminopyridinc (0.183 g; 1.5 mmol) and pyridine (4.75 g, 
4.85 ml, 60 mmol) in tetrahydrofuran (45 ml) warmed 50 °C was added ethyl oxalyl chloride 
(4.30 g, 352 ml, 31.5 mmol) at a rate sufiBcient to initiate refluxing. The mixmre was then 
heated at a gende reflux for 4 h. Aftarcoolingtoroomtemperamre the mixture was treated with 
water (25 xni) and sticEed vigorously at room temperature for 30 min. The mixture was 

35 extracted with ediy 1 acetate ( 150 ml) and after separation of the organic layer, the water k^er 
was saturated with soli^ 0^4)2^Q^ ^ re^extiacted 2-times wirii 25 ml ethyl acetate. The 
combined organic phases were washed 2-times with 75 ml water. 2-times with 50 mi of satd. 
NaO, decolorized with carbon and dried over MgS04^ After evaporation of the solvent, the 
crude enol ester (8.36 g, 98%) was flash-chromatographed on silica gel and die product was 
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eluted with a AcOEt The solvent was evaporated in vacuo (rotavaporaior) and the pure enol 
ester was obtained as a oil (7.22 g, 85%); single spot on TLC, » 0.84. A: 0.68, C. 

Z'LeU'Nva-EE. This compound was prepared from Z-Leu-Nva-OH using the general 
procedure and purified by flash chromatography on silica gel using CHa2:MeOH « 50:1 v/v 
5 as eluent Yield 95%, single spot on TLC, R^ = 0.92, C; 0.28 JL. 

Z-Leu^Abu'EE. This compound was prepared from Z-Leu- Abu-OH in 78% yield the 
general procedure described above. Purification by flash obramatography on silica geL Eluent, 
CHajiMeOH = 50:1 v/v, single spot on R^ = 0.86, A. 

PhCO'Abu'EE. Hiis compound was prepared from PhCO-Abu-OH in 26% yield by 
10 the general procedure as described above. Purification by flash chromatography ra silica gel. 
Eluent OiCLj, single spot on TLC. Rf = 0.60, M. 

(CH3 )2CH(CH2)2CO'AbU'EE. Tliis compound was prepared from 
(CHj)2CH(CH2)2CO-Abu-OH in 82% yield by the general procedure as described above. 
Purification by flash chromatography on silica gel. Eluent AcOEt, single spot on TLC, Rf 
15 0 J2, C. 

(CHjCH2CH2)2 CO-Abu-EE. This compound was prepared from 
(CH2CH2Ck5)2CH CO-AbuOH in 100% yield by the general procedure described above. 
Purification by flash chromatography on silica gel. Eluent AcOEt, single spot on TLC, R^ ^ 
0.78, C; 0.81. K. 

20 Ph(CH2)^C0'Abu-EE. This compound was prepared from Ph(CH2)gC0-Abu-0H in 

86% yield by the general procedure described above. Purification by flash chromatography on 
silica gel. Eluent AcOEt Single spot on TLC, Rf =0.74, C. 

Z'Leu'4-Cl'P he-EE. This compound was prepared from Z-Lcu-4-a-Phe-OH in 69% 
yield by the general procedure described above. Purification by flash chromatography on silica 
25 gel. Eluent AcOEt, single spot on TLC, Rj. = 0.77, C; 0.78, K. 

Z'Leu-LeU'AbU'EE. This compound was prepared from 22-Leu-Leu- Abu-OH in 62% 
yield by the general procedure described above. Purification by flash chromatography on silica 
gel. Element CHQj JvIcOH = 50: 1 v/v. Single spot on TLC, Rf = 0.89, A; 0.75, M. 

Z-Leu-LeU'P he-EE. This compound was prepared from Z-Lcu-Leu-Phe-OH in 60% 
30 yield by the general procedure described above. Purification by flash chromatography on silica 
gel. Eluent CHOjiMeOH = 50: 1 v/v. Single spot on TLC, R^ = 0.80, K; 0.70, M. 

2'NapS02'Leu'Leu-Abu-EE. This compound was prepared from 
2-NapSO^*Leu-Abu-OH in 73% yield by the general procedure described above. Purification 
by flash chromatography on silica geL Eluent AcOEt, single spot on TLC, R^ = 0.71. K; 0J4, 
35 C. 

2'NapS02'Lei*'i^^'Abu'EE, This compound was prepared from 
2-.NapS0TLeu-Leu-Abu-0H in 74% yield by the general procedure described above. 
Purification by flash chromatography on silica gel. Eluent AcOEt AcOH = 200:1 v/v. Single 
spot on TLC, Rf = 0.69, K. 
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Z-Lea-Phe-COOEt Single Anunoacid, Di-md Tripeptide-ketoesters (General 
Procedure). To a sdxred solution of 8 J3 g (15.0 minol) of Z-Lea-Phe-EE in 40 mi anhydrous 
echanol at room temperatuie was added dropwise a solution of sodium ethoxidc (0.204 g; 3 JO 
mmol) in 20«0 ml anhydrous ethanoL The color of the reaction mixture change from colorless 
5 or pale yellow to deep yellow or orange dependent on enoi-ester. Then the reaction mixture 
was stirred at room temperature for 4-5 hours, the ethanol was then evaporated in vacuo 
(lotavaporator) and the residue treated with 200 ml etl^l eth^ (or 200 ml ethyl acetate in the 
case of the tripeptide). The ether (ethyl acetate) solution was washed with 2 x 75 mi H20, 2 x 
75 ml satd NaCl, decolorized widi carbon and dried over MgSO^. After evaporation of 
10 solvent, the cmde product 6.09 g (89.7%) was flash chromatographed on silica gel using 
CRd^: MeOH = 50: 1 v/v. Evaporation of solvent give pure Z-Leu-Phe-COOEt (4.08 g; 
58.0%) as a thick oil Single spot on TLC, = 0.60, A; 0.47, M Mass spectrum, FB-MS 
[(M+l)/ZI-469. 

EXAMPLE28 

15 2-Leu-Nva-COOEt. This was prepared by the preceding general procedure. 

Purification by flash chromatography on silica gel, eluent CHCl^: MeOH = 100:1 v/v, yield 
86.6%, thick, colorless oil single spot on ILC, Rf » 0.49, A; 037, M. Mass spectrum 
FB-MS[(M^1)/Z]:«=42L 

EXAMPLE 29 

20 Z«Len-Abu*COOEL This was prepared by the preceding general procedure- 

Purification by flash chromatography on silica gel, eluent CHCly yield 82%, thick, pale 
yellow oil. single spot on TLC:, R^ = 0.66, A. Mass spectrum, Q-MS [(M+l)/Z] = 407. 

EXAMPLE 30 

PhCO-Abu-CbOEt This was prepared by the preceding general procedure. 
25 Purification by flash chromatography on silica gel, eluent CE[a2:MeOH = 50:1 v/v, yield 
83%, oil, single spot on TLC, R^= 0.44, M. Mass spectrum, M/Z 263 (M"*"); Q-MS, 264 
((M+l)/Z). 

EXAMPLE31 

(CH3)2CH(CH2)2CO-Abu-COOEt. This was prepared by the preceding general 
30 procedure. Purificarion by flash chromatography on silica gel, eluent AcOEt, yield 43%, oil, 
single spot on TLC R^ = 0 J6, C Mass spectrum EI-MS M/Z 257 (M"^); FB-MS, [(M+l)/Z] 
»258. 

EXAMPLE 32 

CH3CH2CH)2CHCO.Abu.COOEt This was prepared by the preceding general 
35 procedure. Purification by flash chromatography on silica gel, eluent CHCLj JvIeOH « 50: 1 
v/v, thick, yellowish oil yield 66%, single spot on TLC R^ 0.80, C 0.66, M. Mass 
spectrum EI-MS M/Z « 285 (WT); Q-MS, [(M+l)/2J = 286. 

EXAMPLE 33 
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Ph(CH2)gC0-Abu-C00Et. This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel, eluent CHa^-MeOH = 50:1 
v/v. yield 64%, pale yeUow oil. single spot on TLC, - 0.29, M. Mass spectrum EI-MS 
M/Z = 347 (M*). FB-MS. t(M+l)/Z] = 348. 
5 EXAMFLE34 

Z-Leu-4.CI-Phe-C00Et. This was prepared by the preceding general procedure. 
Purification by flash chromatography on silica gel, eluent AcOEt. yield 100%, col<^s oil, 
single spot on TLC, » 0.71, C. Mass spectrum FB-MS M/Z = 503(M*). 

EXAMPLE 35 

10 Z-Uu-Leu-Abu-COOEt This was prepared by the preceding general procedure. 

Purification by flash chromatography on silica gel, eluent CHO^iMeOH = 50:1 v/v, yield . 
79.2%, very thick, colorless oil, single spot on TLC, R^. = 0.28. M. Mass spectrum FB-MS, 
[CM+1)/ZI = 520. 

EXAMPLE36 

15 Z-Leu'Leu-Phe-COOEt. This was prepared by the preceding general procedure. 

Purification by flash chromatography on silica gel, eluent CHQj JvIeOH = 50:1 v/v, yield 
33%, oU, single spot on TLC, R^ = 0.56, M. Mass spectrum, FB-MS, [(M+1)/ZJ = 582. 

EXAMPLE 37 

2>NapS02*Leu*Abu-COOEL This was prepared by the preceding general 
20 procedure. Purification by flash chromatography on silica gel, eluent CHCl^rMeOH » 50: 1 
v/v. yield 38%, thick oU, single spot on TLC, Rf = 0.71, K; 0.54, A. Mass spectrum FB-MS, 
[(M-fl)/Z]-463. 

EXAMPLE 38 

2-NapS02-Leu-Leu.Abu-COOEt. This was prepared by the preceding general 
25 procedure. Purification by flash chromatography on silica gel, eluent AcOEt:AcOH = 200: 1 
v/v, yield 61%, semi-solid, single spot on TLC, R^ = 0.67, K. Mass spectrum FB-MS, 
[(M+l)/Zl = 576. 

EXAMPLE 39 

Z-Leu>Met*C02Et This compound was prepared by the above procedure. Yellow 
30 oil, single spot on TLC. Rj.= 0.52 (CHCl3.-CH3OH=50:l), yield 46% (from dipeptide), MS 
(FAB)454(m+l). 

EXAMPLE40 

Z-Leu-NLeu-C02Et This compound was prepared by the above procedure. Pale 
yeUow oil single spot on TLC, Rf = 0.57 (CHCljiCHjOH = 50:1), yield 53% (from 
35 dipeptide), MS (FAB) 434 (m+ 1 ). 

EXAMPLE 41 

Synthesis ofn-Btayl Oxalyl Chloride. This was prepared by a literature ptocedure 
[Waiien and Make,/. Chromat. 64. 219-222 (1972)]. N-Butanol (0.1 mol. 7.41 g) was 
added dropwise to oxalyl chloride (0.5 moL 63 J g) at • 10 <*C After the addition was 
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completed, the reaction mixtuie was sdned for 20 nun. at r.L and distilled, giving 15.0 g 
(91.18 moL 91%) of the product n-butyl oxalyl chloride, bp 58-60 ""C (0.6 mm Hg). 

Z-Leu-PIie-C02Bu. This compound was prepared from Z-Leu-PheOH and butyl 
oxalyl chloride in 43% yield by the procedure d^cribed for the synthesis of Z-Leu-Phe-CO^Et, 
5 except that bu^l oxalyl dih»ide was used in place of ethyl oxalyl chloride and sodium 
butyloxidc in butanol was used for cnol ester hydrolysis. Single spot on TLC, Rj= 0J4 
(CHajiCHjOH = 50:1) MS(FAB) m/e = 497 (m+1). NMR (CDCl^) ok. 

EXAMPLE42 

Z-Leu>Abu-C02Bu. This compound was prepared by the above procedure. Single 
10 spot on TLC, Rf = 0 J3 (CHOj.CHjOH = 50: 1), yield = 36%. pale yeUow oU, MS (FAB) 
m/e = 435 (M+1), NMR (CDCI3) ok. 

EXAMPLE 43 

Synthesis of Benzyl Oxalyl Chloride. Benzyl alcohol (0.15 mol. 16 g) was added 
dropwise to oxalyl chloride (0.75 moL 95 g) at 5-10 °C. After the addition was complete, the 

15 reaction was stirred for 20 min. at r.t The excess oxalyl chloride was distilled and recycled. 
Then the mixture was distilled under vacuo, giving 26 g (0.12 moL 86%) of benzyl oxalyl 
chloride, bp. 110-112 (0.6 mm-Hg). H^NMR (CDQj) 7.39 (s, 5H), 5J3 (s. 2H). 

Z-Leu-Phe-C02Bzi. This compound was prepared firom Z-Leu-Phe-OH and 
benzyl oxalyl chloride in 17% yield by the {rocedure described in die synthesis of 

20 Z-Leu-Ph&<X>2Et. except that benzyl oxalyl chlorufe was used in place of ethyl oxalyl chloride 
and sodhim benzyloxide in benqrl alcohol was used for enol ester hydrolysis. Single spot on 
TLC. Rf = 0.63 (CHOjzaijOH = 50:1). Pale yellow soUd. mp 1 17-1 19 **C MS(FAB) m/e 
= 532(m+l).H^NMRok. 

EXAMPLE44 

25 Z-Leu-Abu-COjBzL This compound was prepared by the above procedure. 

Single spot on TLC Rj.= 0.51 (CHCljiCIljOH = 50:1), pale yellow oil, MSfFAB) m/e = 469 
(m+1), yield ==26%. 

EXAMPLE 45 

Z-Leu-Phe-COOIL Dipeptide Ketoacids (General Procedure), To a stirred solution 
30 of 0.53g (1.13 mmol) Z-Lcu-Phe-C(X)Et in 6.0 ml medianol was added 1.27 ml (1.27 mmol) 
IM NaOK The color of the reaction mixture turned daric yellow and a small amount of solid 
was deposited. The reaction was run at room temperature and progress of the hydrolysis was 
checked on TLC After 24 h. no more substrate was detected The reaction mixture was 
chilled in one ice bath at 5 "^C; acidified with IMHQ to pH = 3 and extracted witii AcOEt (2 x 
35 50xnL). Theorgazucextraawezewashed with 2x50 ml I^O and if necessary, decolorized 
with carbon and dried over MgSO^. After evaporation ofthe solvent (rocavaporator), the 
residue (tfaidc oil) were titurated with 2x25 ml n-hexane and dried in vacuo. Yield0.39g 
(78%) of colorless* v^ thick oil. TLC main spot at R^ » 0.24, trace of impurity at R^ = 
0.78, L Mass spectrum, FB-MSt(M+l)/Z] = 44L 
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EXAMPLE 46 

Z>Leu-Abu-COOH. This compound was prepared from Z-L-Leu-Abu-COOEt in 
83% yield by the general procedure as described above: TLC, main spot at Rj. = 0. 14. trace of 
impurity at = 0.73. L Mass spectrum, FB-MS [(M+l)/Z] = 379. 

Exanq)le47 

Z-Leu-Phe-CONH-Et. To a stined solution of ZrUu-Phe-OH (20 g, 484 mmole). 
4-dimethylaminopyridine (0J87 g, 4.8 mmole).and pyridine (15.7 ml, 194 mmole) in 
anhydrous THF (100 ml) was added ethyl oxalyl chloride (1 1.4 ml, 101.8 mmole) at a rate 
sufficient to initiate refluxing. The mixture was gently refluxed for 4 hours, cooled to room 
tcmperanire, and water (80 ml) was added. The reaction mixture was stirred vigorously for 30 
min, and exnacied with ethyl acetate (3 x 100 ml). The combined organic layers were washed 
with water (2 x 100 ml), saturated sodium chloride (2 x 100 ml), decolorized with decolorizing 
carbon, dried over magnesium sulfate, and concentrated, leaving a dark orange oiL 
Chromatography on a silica gel coluinn with CHO^/CajlOH (50: 1 v/v) affccded 14.63 g 0^ ■ 
53 %) of Z-Leu-Phe-enolester. The product was a yellow ofl. Single spot on TLC, Rf = 0.77 
(CHCL3/CH3OH 50: 1 ). NMR (CDQs) ok. 

To a stirred pale yeUow solution of the Z-Lcu-Phe-enolestcr (14.63 g, 25.73 mmole) in 
anhydrous ethanol (50 ml) was added a solution of sodium ethoxide (0.177 g, 2.6 mmole) in 
edianol (5 ml). The orange solution was stined for 3 hours at room temperature, dien the 
20 ethanol was evaporated and the residue was treated with ethyl ether (300 ml). The ether layer 
was washed with water (2 x 100 ml), saturated sodium chloride (2 x 100 ml), dried over 
magnesium sulfate, and concentrated, leaving a oiange oU. Chromatography on a silica gel 
column with CHa3/CH30H (50:1 v/v) afforded 7.76 g (y = 64 %) of the a-kewesterZ-Leu- 
Phc-COOEt The product was a yellow ofl. Single spot on TLC, Rf = 0.44 (CHas/CHsOH 
25 50:1). NMR {CDCI3) ok. MS (FAB, calcd. for C26H32N2O6: 468.6). m/e = 469 (M+1). 

Hie a-cari)onyl group of Z-Uu-Phe-COOEt was protected by following procedure. A 
solution of Z-Leu-Phe-COOEt (1 g, 2.13 mmole) in 5 ml of CH2CI2 was added 1.2- 
ethanedithiol (0.214 ml. 2 J5 mmole), foUowed by OJ ml of boron trifluoride etherate. The 
solution was stined overnight at room tempenQue. Water (20 ml) and ethyl ether (20 ml) were 
30 added. The organic layer was separated, washed with water (2x10 ml), sanirated sodium 
chloride (2 x 10 ml), dried over magnesium sulfote, and evaporated to afford 0.98 g (y = 84 %) 
yellow semisolid. 

The protected a-ketoester (0.98 g, 1.8 mmole) was dissolved in ethanol (5 ml), cooled 
to 0-5 "C in a ice bath, and ethylamine was bubbled through the solution until 2.43 g (54 
35 mmole) had been added. The reaction mixnire was allowed to warm to room tempcramre 
slowly, and stirred overnight The mixnae was filtered, a white precipitate was removed, 
leaving a yellow semisolid Chromatognq)hy on a silica gel column with CHayCHsOH (30: 1 
v/v) afford 0.63 g (y - 75 %) of Z-Uu-Phe-CONH-Et TTie produa was a pale yellow solid. 
Single spot on TLC, Rf = 0.60 (CHQa/CHsOH 20:1); mp 145-147 »C AnaL calcd. for 
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C26H33N3O5: 467^6: C, 65.79: H. 7.11; N,8.99; founi C. 66J9; H, 7.09: N. 8.95. NMR 

(CDCls) ok. MS (FAB) m/e » 468 (M+1). 

Exainple48 

Z-Leu-Phe-CONH-nPr. This compound was synthesized from the protected a- 
5 ketoesteraiKipropylaininem92%yieldbythepra^ Single 
spotonlLCRf -OJO (CHa3/CH3OH50:l); mp 15M53 "C. Anal, calcd. for 
C27H35N3O5: 481.57: C. 67 J3: H, 7.33; N, 8.72. Found: C. 67.21; H, 7.38; N, 8.64. 
NMR (0X13) ok. MS (FAB) m/e = 482 (M+1). 

Example 49 

10 Z-Lea-Phe-CONH-nBu. This compound was synthesized from the protected o- 

ketoester and butylamine in 67 %yidd by the procedure described in Example 47. Singfcspot 
on HjC, Rf = 0.50 (CHayCHsOH 50:1): mp 152-153 "C AnaL calcd. for C28H37N3O5: 
495 J9; C 67.85; H. 7.52: N. 8.48. Found: C 67.70; H, 7.57; N. 8.43. NMR (0003) ok. 
MS (FAB) m/e = 496 (M+1). 

Example 50 

Z-Leu-Phe-CONH-IBu. This compound was synthesized from the protected a- 
kctoester and isobutylamine in 53 % yield by the procedure described in Example 47. Single 
spot on TLC Rf - 0.54 (CHCI3/CH3OH 50:1); mp 152 AnaL calcd. for C28H37N3O5: 
495.59; C. 67.85; H, 7.52; N. 8.48. Found: C 67.77; H, 7J6; N, 8.40; NMR ((3X33) ok. 
20 MS (FAB) m/e - 496 (M+1). 

Example 51 

Z-Leu-Phe-CONH-BzI. This compound was synthesized from the protected a- 
ketoester and bcnzylamine in 40 % yield by the procedure described in Example 47. After 
reacting overnight, ethyl acetate (60 ml) was added. The mixture was filtered id remove a white 

25 precipitate. The sohition was washed with cooled IN HQ (3x25 ml), water (1x20 ml), 
saturated sodinm chloride a x 20 ml), and dried over magnesium sulfate. The solution was 
evaparated leaving a yellow solid. C3m)mat«gtaphy on a silica gel column wifli 
CHas/CHsOH 30:1 v/v) afforded a yellow solid. Single spot on TLC, Rf = 0.45 
(CHasCHsQH 30:1); mp 160-162 Anal, calcd. for C31H35N3O5: 529.61; C, 70.30; H, 

30 6.66: N. 7.93. Ftoimd: C, 70.18: H. 6.67; N. 7.99. NMR (CDd^) ok. MS (FAB) m/e = 530 
(xM+1). 

Example 52 

Z-Leu-Phe-CONH-(CH2)2Ph. This compound was synthesized firom the 
protected a-keujester and phenediylamine in 50 % yield by the procedure described in Example 
25 ■ 51. Single spoton TLC Rf = 0.50 (CHa^CHzGH. 30:1); mp 151-153 »C. AnaL calcd. for 
C32H37N3O5: 543.66; C 70.70: H. 6.86: N. 7.73. Found: C. 70.54: H. 6.88: N, 7.74. 
NMR (C3X33) ok. MS (FAB) m/e - 544 (M+1). 

&cample53 
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Z-Leu-Abu-CONH-Et. This compound was synthesized from protected a- 
keioester derived from Z-Leu-Abu-C02Et and ethylamine in 64 % yield by the pixxredure 
described in Example 47. Single spot on TLC, Rf = 0.36 (CHCI3/CH3OH 50; 1 ); mp 130- 132 
"C. Anal, calcd. for C21H31N3O5: 405.45; C, 62.20: H. 7.71; N. 10.36. Found: C, 61.92: 
5 H, 7.62: N, 10.3 1 . NMR (CDOs) ok. MS (FAB) m/e = 406 (M+1 ). 

Exan9le54 

Z-Leu-Abu-CONH-nPr. This compound was synthesized from the coiiesponding 
protected a-ketoester and propylamine in 47 % yield by the procedure described in Example 
47. Single spot on TLC, Rf - 0.28 (CHd-i/CH^OH 50:1); mp 134-135 "C. Anal, calcd. for 
10 C22H33N3O5: 419.50; C, 62.98; H. 7.93; N. 10.02. Found: C, 62.84; H. 7.97; N. 9.94. 
NMR (CDOs) ok. MS(FAB)m/e«420(M+l). 

Example 55 

Z-Leu>Abu-CONH>nBii. This compound was synthesized from the coiresponding 
protected a-ketoester and butylamine in 42 % yield by the procedure described in Example 47. 
15 SinglespotonTLC,Rf=0.54(CHa3/CH3OH50:l);mpl35-136'C. Anal. calcd. for 
C23H35N3O5: 43333; C, 63.71; H, 8.13; N. 9.69. Found: C, 63.48; H. 8.07; 9.67. 
NMR (CDa3) ok. MS (FAB) m/e = 434 (M+1). 

Example 56 

Z-Leu-Abu-CONH-iBu. This compound was syndiesized from the corresponding 
20 protected o-ketoester and isobutylamine in 65 % yield by the procedure described in Example 
47. Single spot on TLC. Rf = 0.25 (CHa30l30H 50:1); mp 133-135 »C. Anal, calcd. for 
C23H35N3O5: 433.52: C. 63.72; H. 8.14; N, 9.69. Foun± C. 63.46; H, 8.10; N, 9.60. 
NMR(CDa3)ok. MS (FAB) m/e = 434 (M+1). 

Example 57 

25 Z-Leu-Abu-CONH-Bzl. This compound was synthesized from the corresponding 

protected a-ketoester and benzylaminc in 29 % yield by the procedure described in Example 
51. Single spot on TLC. Rf = 0.56 (CHa3/CH30H 30:1); mp 140-141 °C. Anal, calcd. for 
C26H33N3O5: 467.54: C. 66.79; H. 7.11; N. 8.99. Found: C, 66.65; H, 7.07; N. 8.93. 
NMR (CDCI3) ok. MS (FAB) m/e = 468 (M+I). 

30 Example 58 

Z-Leu.Abu-CONH-(CH2)2Ph. This compound was synthesized from the 
corresponding protected a-ketoester and phenethylamine in 51 % yield by the procedure 
described in Example 51. Single spot on TLC, Rf = 0.44 (CHa3/CH30H 30:1): mp 156-157 
»C. Anal, calcd. for C27H35N3O5: 481 J9; C, 67.34: H, 7.33; N, 8.72. Found: C, 67.38; 

35 H. 7.33; N. 8.78. NMR (CDa3) ok. MS (FAB) m/e » 482 (M+ 1 ). 

Example 59 

Z.Leu.Abu.CONH.(CH2)3-N(CH2CH2)20. This compound was synthesized 
from protected a-keioestcr and 4(3-aminopropyl)morpholme in 33 % yield by the procedure 
described in Example 47. After reacting overnight ethyl acetate (80 ml) was added. The 
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mixiuie was filtefcd to remove a white precipitate. The solurion was washed with water (3 x 20 
ml), saturated sodium chloride (2 x 20 ml), and dried over magnesium sulfate. The solution 
was evaporated leaving a yellow oil. Chiomatogtaphy on a silica gel column with 
CHCI3/CH3OH (10: 1 v/v) afforded a yellow semisolid, which was lecrystallized from ethyl 
5 aceiatB/hexane to obtain a pale yellow solid. Single spot on TLC, Rf = 0.42 (CHas/CHsOH 
10:1); mp 125-126 Anal, calcd for C26H40N4O6- 504.63; C 6 L88; a 7,99; N, 11.10. 
Found- C, 61,69: H, 7.95; N, 11.07. NMR (CDCI3) ok. MS (FAB) m/e « 505 (M+1). 

Example 60 

Z.Leu«Abu-CONH-(CH2)7CH3. This compound was synthesized from the 
1 0 concsponding jrotected a-ketoester and ocQ^iamine in 67 % yield by the procedure described 
in Example 51. It was white solid. Single spot on TLC, Rf- 0.55 (CHCI3/CH3OH 30:1); mp 
134-135 **C. Anal, calcd. for C27H43N3O5: 489.66; C, 66.23; H 8.85; N, 8.58. Found: C 
66.19; H. 8.81; N, 8.61. NMR (CDQs) ok. MS (FAB) m/e = 490 (M+1), 

Example 61 

15 Z-Leu.Abu-CONH-(CH2)20H. This compound was synthesized from the 

conesponding protected Orketoester and etfaanolamine in 29 % yield by the procedure described 
in Example 59. The product was a white sdcky solid. Single spot on TLG, Rf « 0.42 
(CHayCHsOH 10:l); mp 151-153 °C- Anal: calcd for C21H31N3O6: 421.49; C, 59.84; H, 
7.41; N. 9.97. Found: C. 59.11; 7.44; N. 9.81. NMR (C3X:i3) ok. MS (FAB) m/e = 422 

20 (M+n. 

Example 62 

Z-Leu-Abu-CONH-(CH2)20(CH2)20H. This compound was synthesized 
from the corresponding protected a-ketoester and 2-(2-aminoethoxy )edianol in 34 % yield by 
the procedure described in Example 59. The product was white sdcky solid. Single spot on 
25 TLC Rf = 0.42 (CHCI3/CH3OH 10:1); mp 103-105 *C. AnaL: calcd. for C23H35N3O7: 
465 J5; C 5934; ft 7 38; N, 9.03. Found: C, 59.23; H. 7.58; N, 9.0L NMR (€003) ok. 
MS (FAB) m/e = 466 (M+1). 

Example 63 

Z-Leu-Abu-CONH-(CH2)i7CH3. This compound was synthesized from the 
30 ccHTCsponding protected a-ketoester and octadecylamine in 12 % yield by the procedure 
described in Example 51. The product was a pale yellow solid. Single spot on TLC» Rf = 
OM (CHC13/C3I30H 30:1); mp 134-136 '^C. Anal: calcd. for C37H63N3O5: 629.92; C, 
70J5;H. 10.08: N, 6.67. Found: C 70.71; H. 10.14; N, 6.75. NMR (0003) ^ 
(FAB) m/c = 6302 (M+1). 
35 Example 64 

Z-Lcu-Abu-CONH-CH2-C6H3(OCH3)2. This compound was synthesized from 
the corresponding protected a-ketoester and 3^-dimethoxyben2ylamine in 45 % yield by the 
procedure described in Example 51. The product was yellow sticky solid. Single spot on 
TLC Rf = 0.44 (CHa3/CH30H 30:1); mp 153-155 ^C. Anal.: calcd. for C28H37N3O7: 
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527.62; C. 63.74; H, 7.07; N. 7.96. Found: C, 63.66; H, 7.09; xN, 7.92. NMR (CDQa) ok. 
MS (FAB) m/e = 528.8 (M+1). 

Example 65 

Z*Leu-Abu-CONH-CH2>C4H4N. This compound was synthesized from the 
5 conesponding protected o-keioester and 4-(aminoniethyl)pyridine m 45 % yield by the 
procedure described in Example 59. The product was greenish yeUow solid. Single spot on 
TLC Rf = 0.55 (CHa3/CH30H 10:1); mp 124-126 °C. Anal: calcd. for C25H32N4O5: 
468.55; C, 64.08; H, 6.88: N, 11.96. Found: C. 63.88; H. 6.87; N. 11.96. NMR (CDQa) 
ok. MS (FAB) m/e =469 (M+1). 

0 

It is obvious that djose skilled in the art may make modificatiais to the invention 
without departing fixmi the siririt <rf die invention or the scope of the subjoined claims and their 
equivalents. 
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Table L Inhibition of serine proteases by pq>tide ketoesters and ketoacids.^ 



Compounds Ki (^) 



HLE PPE CathepinG Chymotiypsin 



Bz-DL-Phc-COOEt 






58 0.28 


Bz-DL-Ala-COOEt 


640 


590 




Bz-DL-AIa-CXXDH 


3100 


3200 




Bz-DL-Ala-COOBzi 


19 


23 




Bz-DL-AIa-COO-ft-Bu 


260 


Nib 




Bz-DL-A]a<X)OCH2-C6H4-CP3 ^aia) 


81C . 


lie 




Z'AlarDL-AIa-COOEt 


100 


210 




Z-Ala-DL-Ala-C0O-/i-Bu 


250 


80 




Z-Ala-DL-Ala-CX)OBzl 


46 


11 




MeO-Suc-Ala-DL-Ala-COOMe 


470C 


520C 




Z-AIa-Ala-DL-Ala-COOEt 


1.3 


0.65 




Z-Ala-AIa-DL-Nva-COOEt 


0.52 


0.36 




ZrAlarPio-DL-Ala<XX)Et 


2.8 


2.4 




Z-AIa-Ala^I^Abu-COCEt 


0.12 


0.15 




Z-A]a-AIa-DL-Abu-CCX)Bzl 


0.09 


0.08 




Z.AlarAla-DL-Abu-COOCH2-C6H4-CF3 


0.08 


0.33 




^ara) 








MeO-Suc-Val-Pro-DLrPhe-COOMe 






1.1 0.26 


Z-Ala-AIa-Ala-DL-AIa-COOEt 


0.3 


0.14 




MeO-Suc-Ala-Ala-Pro-DL-Abu-COOMc 


0.42 


0.93 





^Inhibidon constants were meastued in 0.1 M Hepes, 0.S M NaCU pH 7.S buffer. 9 % Me2S0 and 
25 °C 



''Noinhibidon. 
^onconipeddve inhibidon. 
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Table IIL Inhibition of cysteine proteases by peptide ketoesiets and ketoacids. 



Compounds Kj (pM) 



Papain^ CathepsinB^ CalpainP CalpainlP 



Z-Lea*Aba-COQEt 






0.04 0.4 


Z-Leu-Phe-CCX)Et 






0.23 0.4 








0 12 0.18 


Bz-DL-Phe-COOEt 


500d 


64 




Z-Phe-DL-Phe-COOEt 


1.8 


0.1 




Z-Fhe-DL-A]a-CXX3Et 


3.6 


3.2 




Z-Ala-Ala-DLrA]a-CCX)Et 


1.5 


2.2 


200 


Z-AJa-Ala-DL-Aba-COOEt 


0.9 


10 


50 200 


Z-AIa-Ala-CL-Abtt-COOBd 


30 


60 




Z-AIarAla-DL-Nva-aX)Et 


30 


0.1 • 




Z-Ala-Pro-DL-Ala-COOEt 


26 


66 




MeO-Suc-Val-Pro-DL-Phe-COOMe 


1.1 
2.9d 


0.1 




Z-Ala-AlarAlarDL-AlarOXDEt 


2.1 


10.0 




MeO-Siic-Alft-Ala-PR>-Abu-COO\fe 


0.7 


6.0 


100 


^Inhibmon constants w«e measured in 0.05 M Tris-HQ, pH 73 buffer , containing 2 mM 



EDTA, 5 mM cysidne (ftcshly pcepaced), 1 % Me2SO. and at 25 °C NO-Bcnzoyl-Arg-AMC was 
used as a substrzue. 

binhibirion constants were measured in 88 mM KH2PO4, 12 mM NanHPCM, pH 6.0 buffer . 
containing 1.33 mM EDTA, 2.7 mM cysteine (freshly prepared), and at 25 °C. Z-Arg-Arg-AFC 
was used as a substrate. 

^Inhibition constants were measured in 20 mM Hepes, pH 7.2 buffer , containing 10 mM CaQ2» 
10 mM |5-mercaptoed)anoU and at 25 Suc-Leu-Tyr*AMC was used as a substrate. 
^Inhibition constants were measured in 50 mM Tris-HCl, pH 7 J buffer , containing 20 mM 
EDTA, 5 mM cysteine, 9 % M^SO, and at 25 ^^C. N^^Benzoyl-Arg-NA was used as a substrate. 
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Whatisdaimedis: 

1 . A compound of the fonnula: 

M1-AA-NH-CHR2-CO-CO-NR3R4 
or a phannacouically acceptable salt, wherein 
5 Ml represents H, NH2-CO-. NH2-CS-. NH2-SO2-, X-NH-CO-. X->N-CO-. 

X-NH-CS-, X2N-CS-. X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-, X-O-CO-. or 

X-0-CS-: 

X is selected from the group consisting of Cmo alkyl, Cmq fluoroalkyi, Ci-io alkyl 
substituted with J, Cmo fluoroalkyi substinited with J. l-admantyl, 9-fluorenyl, phenyl, 

10 phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci-10 alkyl with an attached phenyl group, Cmq alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, Ci-io alkyl widi two attached 
phenyl groups substituted with K. Ci-io alkyl with an attached phenoxy group, and Cmo 

15 alkyl with an attached phenoxy group substituied with K on the phenoxy group: 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2. NH2, Ci- 
10 alkoxy. Cmo alkylamine, C2.12 dialkylamine, Cmq alkyl-O-CO-, Cmq alkyl^CO- 
NH-. and C 1.10 alky l-S-; 

K is selected from the group consisting of halogen. Ci.iq alkyl, Ci.jq perfluoroalkyl, 

20 Cmo alkoxy, NO2. CN. OH, CO2H. amino, Ci.iq alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Cj.jo alkoxy-CO-, and Ci.jo alkyl-S-; 

AA is a side chain blocked or unblocked amino add with the L configuraticm, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine. proline, methionine, methionine sulfoxide, phenylalanine, 

25 tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine. aspartic add, 
glutamic acid, lysine, arginine. histidine, phenylglydne, beta-alanine, norleucine. norvaline. 
alpha-aminobutyiic add, epsilon-aminocaproic acid, citrulline, hydroxyproline. ornithine, 
homoaiginine. saicosine. inddine 2-carboxylic add, Z-azetidinecarboxylic add, pipecolinic 
add (2-pipeiidine carboxylic add), amethylserine, O^thylserine, S-methylcysteme, 

10 ediylcystdne.S-benzyk:ystdne,hffl2<3I(CH2CHEt2>COCH.alpha.aminohq^ 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOa NH2-CH(CH2- 
cyclohexyD-COOH, NH2-CH(CH2-cyclopentyl)-COOH. NH2-CH(CH2-<^clobu!yl)-COOH, 
NH2-CH(CH2-cyclopn)pyl)-COOH, trifluoroleucine, and hexafluoroleucine: 

R2 is selected from the group consisting of Cj.g branched and unbranched alkyl, C1.8 

15 brandied and unbranched cyclized alkyl. and C i.g branched and unbranched fluoroalkyi; 

R3 andR4 are selected independendy from die group consisting of H, C1.20 alkyl. Ci. 
20 cyclized alkyl, Ci.2o alkyl with a phenyl group attached to the C1.20 alkyl, C1.20 cyclized 
alkyl with an attached phenyl group, C1.20 alkyl with an attached phenyl group substituted 
with K, G1.20 alkyl widi an attached phenyl group disubstituted with K, C1.20 alkyl witii an 
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attached phenyl group crisubstituted widi K, C i .20 cyclized alkyi with an attached phenyl 
group SttbstitutBd widi K, Ci_io alkyl with a morpholine [-N(CH2CH2)0] ring attached 
through nitrogen to the allcyU C^.^o ^ piperidine ring attached through nitrogen to 

the alkyU Ci.jo ^ pyrrolidine ring attached through nitrogen to the allgri, C1.2O 

5 alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Ci.iq with an attached 
4-pyridyl group, Ci^io with an attached 3-pyridyl group, C^.jq with an attached 2-pyridyl 
group, Ci.io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphcnyl), and - 
NH-CH2CH2-(3-indolyl). 
2. A compound of the formula: 
10 M1-AA2-AA1-CO-NR3R4 
or a i^armaceutically accqitable salt, wherein 

Ml represents H, NH2-CO., NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., 
X-NH-CS-, X2N-CS-, X-NH-SO2-. X2N-SO2-. X-CO, X-CS-, X-SO2-. X-0-CO-, or X- 
0-CS-; 

15 X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 

substituted with J, Cuo fluoroalkyl substimted with J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubsdtuted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubsti&ited widi K, 
Ci.io aOgrl with an attached phenyl group, Ci.io alkyl widi two attached phenyl groups, Ci. 

20 10 alkyl with an attached phenyl group substituted with K, Ci-iQ aO^l with two attached 
phenyl groups substimted with K, Ci-io alkyl with an attached phenoxy group, and Chq 
alkyl with an attached phenoxy group substimted with K on the phenoxy group; 

J is selected finom the group consisting of halogen, COOH. OH, CN, NO2, NH2, Ci. 
10 alkoxy, Ci-io alkylamine, C2-12 dialkylamine, Ci.io alkyl-O-CO-, Ci-io alkyl-O-CO- 

25 NH-. andCi.ioalkyl-Ss 

K is selected from the group ccmsisting of halogen, Ci.iq Ci.iq perfluoroalkyl, 
Cj.io alkojqr, NO2, CN, OH, CO2H, amino, C^q alkylamino, C2.12 dialkylamino, Ci- 
Cio BcyU and Ci.iq alkoxy-CO-, and Ci.iq alkyl-S-; 

AAi is a side chain blocked or unblocked amino acid with the L configuration, D 

30 configuration, or no chirality at the a-carbon selected fiom the group consisting of alfltiinf ^ 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, serine, threoiune, cysteine, tyrosine, asparagine, glutamine, aspaitic acid, glutamic 
acid, lysine, arginine, histidine, phenylglycine, beta-alarune, norleucine, nonraline, alpha- 
amjnobtttyric acid, epsilon-aminocaproic acid, dtrulline, hydroxyproline, omitiiine, 

35 homoargirune, sarcosixie« indoUne 2-carboxylic acid« 2-azetidinecarboxylic add, pipecoliiuc 
acid (2*piperidine carboxylic acM), O-methylsoine, O-ethylserine, S-methylcysteme, S- 
etfaylcysteinc, S-benzylcysteinc, NH2-CHCCH2CHEt2)-COOH, alpha-aminoheptanoic acii 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napdiyl)<:OOH, NH2-CH(CH2- 
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cyclohexyD-COOH, NH2-CHfCH2-cyclopentyl)-CCX)H. NH2-CHCCH2-cyclobutyI)-COOH, 
NH2-CH(CH2-cyclopn)pyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

AA2 is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
5 valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glotamine, aspartic acid, 
glutamic acid, lysine, arginine. histidine. phenylglycine, beta-alanine, norieucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-aretidinecarboxylic add, pipecolinic 

10 acid (2-piperidine carboxylic acid), O-methylserinc, O-cthylserine, S-methylcysieine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2>COOH, alpha-aminoheptanoic arid. 
NH2-CH(CH2-l-napthyl)-CCX)H, NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2- 
cyclohexyl)-COOH, NH2-CH(CH2-cyctopentyl)-COOH, NH2-C3I(CH2-cyclobutyl)-CX)OH, 
NH2-CH(CH2-cycIopropyl)-COOH, crifluoioleucine, and hexaflucnoleucine: 

15 R3 and R4 are selected independently from the group consisting of H, C1.20 ^1- 

20 cyclized alkyl, C1.20 alkyl with a phenyl group attached to the C1.20 alkyl, C1.20 cydized 
aJkyl with an attached phenyl group, C1.20 alkyl with an attached phenyl group substituted 
with K, C1.20 alkyl with an attached phenyl group disubstituted widi K, C1.20 alkyl with an 
attached phenyl group ttisubsrituted with K, C1.20 cyclized alkyl with an attached phenyl 

20 group substituted with K. Chq alkyl with a nunpholine [-N(CH2CH2)01 ring attached 
through nitrogen to the alkyl, C^o alkyl with a piperidine ting attached through nitrogen to 
the alkyl, Cj.iq alkyl with a pyirolidine ring attached through nitrogen to the alkyl, C1.20 
alkyl with an OH group attached to the alkyl, -012012003120120^ Cmq with an attached 
4-pyiidyl group, Ci.iq with an attached 3-pyridyl group, Ci.io with an attached 2-pyTidyl 
25 group, Ci.io with an attached cyclohexyl group. -NH-ai2ai2-(4-hydroxyphenyl). and - 
NH-ai2ai2-(3-indolyl). 
3. Aconqxxmdoftfaefomiula: 

M1-AA-AA-AA-CO-NR3R4 
or a pharmaceutically acceptable salt, wherein 
30 Ml represents a NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO-. X2N-CO-, 

X-NH-CS-, X2N-CS-. X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-, X-O-CO-. orX- 
0-CS-; 

X is selected from the group consisting of Ci-io alkyl, Cmq fluoroalkyl, Cmo altyl 
substituted with J. Cmo fluoroalkyl substimted with J, 1-admantyl, 9-fluoienyl, phenyl, 
35 phaiyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphtiiyl substituted witft K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Cmo alkyl widi two attached phenyl groups, C]. 
10 alkyl witii an attached phenyl group substituted with K, Cmq alkyl witii two attached 
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phenyl groups substituted with Ci-io alkyi with an attached phenoxy group, and Cmo 
alJ^l with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-io alkylamine, 02-12 diallqrlaaune, Cmo alkyl-O-CO-, Ci-io alkyl-O-CO- 
5 NH% and Ci-io alkyl-Ss 

K is selected from the group consisting of halogen, Ci^iq alkyl, Ci.iq pcrfluoroalkyl, 
Ci.io alkoxy, NO2, ON, OH, CO2H, amino, Ci.io alkylamino, C2.12 dialkylaraino, Ci- 
Cjo acyl, and Cj.io alkoxy-CO-, and Cuo alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 

10 configuration, or no cfairality at die a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methiotune sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspaxtic add, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta*alanine, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon**aminocaproic acid, citrulline, hydroxyproline, ornithine, 

15 homoarginine, sarcosine, indoline 2«carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-methylserine, O-ethylserine, S-methylcysteine, S- 
etiiykysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-naptiiyl)-COOH, NH2-CH(CH2-2-naptiiyl)-COOH, NH2-CH(CH2- 
cydohexyD-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-<:yclobutyl)-COOH, 

20 NH2-CH(CH2-cydopropyl}-COOH, trifluoroleucine, and hexafluoroleucine; 

R3 and R4 are selected independentiy from the group cotisisting of H, C1.2O alkyl, Cj. 
20 cyclized alkyl, C1.20 alkyl with a phenyl group attached to the C1.20 alkyl, C1.20 cyclized 
alkyl with an attached phenyl group, C1.20 alkyl with an attached phenyl group substimted 
widi K, C1.20 ^ attached phenyl group disubstituted widi K, C 1.20 alkyl with an 

25 attached phenyl group trisubstituted with K, C 1.20 cyclized alkyl widi an attached phenyl 
group substituted with K, Ci.io alkyl with a morpholine [-N(CH2CH2)0] ring attached 
through nitrogen to the alkyl, Ci.^q alkyl with a piperidine ring attached through lutrogen to 
the alkyl Cj.iq alkyl with a pyrrolidine ring attached through nitrogen to the all^l, C1.20 
allqrl widi an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Ci.iq with an attached 

30 4-pyridyl group, C^.io with an attached 3-pyridyl group, C^.^o an attached 2-pyridyl 
group, Ci.io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-mdQlyl). 
4. A compound of the formula: 

M1-AA-AA-AA-AA-CO-NR3R4 

35 or a pharmaceutically acceptable salt, wherein 

Ml represents R NH2-C0., NH2-CS-, NH2-SO2-, X-NH-CO-. XoN-CO-, 
X-NH-CS-, X2N.CS-, X-NH-SO2-, X2N-SO2-. X-CO-, X-CS-, X-SO2-, X-O-CO-. or X- 
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X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci.io alkyl 
substituted with J, Ci*iO fluoroalkyl substituted with J, 1-adraantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubsdtuied widi K, phenyl trisubsrituted with K, naphthyU 
naphthyl substituted widi K, naphthyl disubsdtuted with K, naphthyl frisubsdtuted with 
5 Ci-io alkyl with an attached phenyl group, Cmq alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with Ci-io alkyl with two attached 
phenyl groups substituted with Ci-io alkyl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, O^, NO2, NH2, Ci. 

10 10 alkoxy, Cmq alkylamine, C2-12 dialkylamine, Ci-io alkyl-O-CO-, Cmq alkyl-O<:0- 
NfH-.andCi.ioalkyl-Ss 

K is selected from the group consisting of halogen, C 10 alkyl, C 1. iq pcrfluoroalkyl, 
Ci.io alkoxy, NO2. CN, OH, CO2H, amino, Ci.io alkylamino, C2-12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-, and Cj^io alkyl-S-: 

15 AA is a side chain blocked or unblocked amino acid witii the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

20 alpha-aminobutyric acid, epsilon-aminocaproic acid, citruUine, hydroxyproline, ornithine, 
homoarginine, saicosine, indoline 2-cari)oxyUc acid, 2-azetidinecarboxylic acid, pipccolinic 
acid (2-pipcridine carboxylic acid), O-methylserine, O-ethylserine, S-mediylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(C3i2C3IEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 

25 cyclohexyl)<:OOH, NH2-CH(C:H2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
i\H2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluorolcucine; 

R3 and R4 are selected indepcndentiy from the group consisting of H, C1.20 alkyU Ci. 
20 cydized alkyl, C1.20 alkyl with a phenyl group attached to the C1.20 alkyl C1.20 cyclized 
alkyl with an attached phenyl group, C1.2D alkyl with an attached phenyl group substituted 

30 with K, C1.20 alkyl with an attached phenyl group disubsdtuted with K, C1.20 alkyl witii an 
attached phenyl group trisubstituted with K, C1.20 cyclized alkyl with an attached phenyl 
group substituted with K, Ci^io alkyl with a morpholine t-N(CH2C3l2)0] ring attached 
through nitrogen to the alkyl, Ci.jq alkyl with a piperidine ring attached through nitrogen to 
the alkyl, Cj. 10 alkyl with a pyrrolidine ring attached through nitrogen to the alkyl, C1.20 

35 alkyl with an OH group attached to the alkyl, -CH2CH2OCH2CH2OH, Ci.iq with an attached 
4-pyridYl group, Ci.io with an attached 3-pyridyl group, C}. 10 with an attached 2-pyridyl 
group, Ci.io with an attached cyclohexyl group, -NH-CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3.indolyl). 
5 . A conqxHmd of the fonnula: 
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Mi-AA-CX)-NR3R4 
or a phannaceutically acceptable salt wherein 

Ml represents liNH2-C0-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS% X2N-CS-, X-NH.SO2-, X2N-SO2-. X-CO-, X-CS-. X-SO2-. X-0-CO-. or X- 
5 aCS.; 

X is selected from the group consisting of Cmo alkyl, Ci-io fluoroaikyl, Cuo alkyl 
substituted with J. Ci-io fluoroaikyl substituted with J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubsdtuted with K, phenyl trisubsdtuted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubsdtuted with K, naphthyl trisubsdtuted with K, 

10 Ci.io alkyl widi an attached phenyl group, C uio alkyl with two attached phenyl groups, Ci- 
10 allgrl with an attached phenyl group substituted widi K, Cmo alkyl with two attached 
phenyl groups substituted with K, Ci-io all^l with an attached phenoxy group, and Ci-io 
alkyl widi an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

15 10 alkoxy, Ci^io alkylamine, C2-I2 dialkylamine, Ci-io alkyl-O-CO-, Ci-io allg^l-O-CO- 
NH-, and Ci.io alkyl-Ss 

K is selected from die group consisting of halogen, Cx.iq alkyl, Ci.io perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Cj.iq alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.io aIIa>xy-CO-, and Ci.iq alkyl-S-; 

20 AA is a side chain blocked or unblocked amino add widi the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norieucine, norvaline, 

25 alpha-aniinobutyric acid, epsilon-aminocaproic acid, citruUine, hydroxyproline, oroithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidiiiecarboxylic add, pipecolinic 
acid (2-pipetidine carboxylic acid), O-mediylserine, 0-ediylserine, S-mediylcysteine, 
ethylcysteine, S-bcnzylcysteine, NH2-CH(C3l2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napdiyl)<:OOH, NH2-CH(CH2- 

30 cydohcxyD-COOa NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH(CH2-cyclobutylKOOH, 
NH2*CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleudne; 

R3 and R4 are selected independentiy from die group consisting of H, C1.20 ^^1* ^i. 
20 cydized alkyl, C1.2O ^ phaiyl group attached to the C1.20 ^ 1.20 cyclized 

aSkyl widi an attached phenyl group, C1.20 ^ attached phenyl group substituted 

35 with K, C1.20 aO^l with an attached phenyl group disubstituted widi C 1.20 ™ 
attached phenyl group trisubstituted widi K, C1.20 cyclized alkyl with an attached phenyl 
group substimted widi K, Ci.io alkyl widi a morpholine [-N(CH2CH2)0] ring attached 
through lutrogen to the alkyl, Ci.io al^l with a piperidine ring attached through nitrogen to 
±e allgrl, Ci.io alkyl with apynolidine ting attached dirough ititrogen to the alkyl, C1.20 
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alkyl with an OH group attached to the alkyU 'CH2CH2OCH2CH2OH, C 1. iq ^ attached 
4.pyridyl group, Ci.io with an attached 3-pyridyl group, Ci-jq with an attached 2-pyridyl 
group, Ct. 10 with an attached cyclohexyl group, -NH.CH2CH2-(4-hydroxyphenyl), and - 
NH-CH2CH2-(3-indolyl). 
3 6. A compound of the formula: 

M1.AA-NH-CHR2-CO-CO-OH 
or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-. NH2-SO2-, X-NH-CG-, X2N.CO., 
X-NH-CS-, X2N.CS-, X-NH.SO2-. X2N-SO2-, X-CO-, X-CS-. X-SO2-, X-0-CO-, or X- 
10 0-CS-: 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-iQ aUtyl 
substituted with J, Ci-io fluoroalkyl substituted with J, l-adman^U 9-fluorenyl« phenyl, 
phenyl substituted widi K, phenyl disubstituted with K, phenyl trisubstituted widi K, naphtfayl, 
naphtfayl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 

15 Ci-10 alkyl witii an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substitoied widi K, Ci-io alkyl with two attached 
phenyl groups substituted widi K, Ci^io alkyl with an attached phenoxy group, and Ci-iQ 
aUgrl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 

20 10 alkoxy, Ci-io alkylamine, C2.12 dialkylaminc; Ci-io alkyl-O-CO-. Ci-io allqrl-OCO- 
NH-, andCj.io alkyl-S-; 

K is selected from the group consisting of halogen, Ci^iq alkyl, Ci.iq perfluoroalkyl, 
Ci. 10 alkoxy, NO2, CN, OH, CO2H. amino, Ci.iq alkylamino, C2-12 dialkylanuno, Ci- 
Cio acyl, and Ci.iq alkoxy-CO-, and Ci.iq alkyl-S-; 

25 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from die group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

30 alpha-aminobutyric acid, epsilon-aminocaproic acid* citcuUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azeridinecarboxylic acid, pipecolinic 
acid (2-pipcridine carboxylic acid), O-methylscrine, O-ethylserine, S-methylcysteine, S- 
cthylcystcine, S-bcnzylcysteine, NH2-CH(CH2CHEt2>COOH, alpha-aminoheptanoic acid, 
NH2-CH{CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

35 cyclohexyD-COOa NH2-CH{CH2-cyclopemyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2"^(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

R2 represents C 1 .g branched and unbranched alkyl, C i.g branched and unbranched 
cyclized alkyl, or Ci.g branched and unbranched fluoroalkyl; 
7 . A compound of the formula: 
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Mi.AA2-AAi-CaOH 
or a pharniaccttdcally acceptable salt, when^in 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-. 
X-NH-CS-. X2N-CS-. X-NH-SO2-. X2N.SO2-. X-CO-, X-CS-, X-SO2-, X^-CO, or X- 
5 O-CSs 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
substituted with J, Ci.io fluoroalkyl substituted with J, l-adznantyl, 9-fluoienyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with phenyl trisubsdtuted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubsdtufed with K, naphthyl trisubsdtuted with K, 

10 Ci.io alkyl with an attached phenyl group, Ci^io allgri with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci-io alkyl widi two attached 
phenyl groups substimted with K, Ci.io alkyl with an attached phenoxy group, andCi.io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from die group consisting of halogen, CCX)H, OH, CN, NO2, NH2, Ci- 

15 10 alkoxy, Ci-io alkylanune, C2-12 dialkylamine, Cuo alkyl-O-CO-, Ci-io alkyl-OCO- 
NH-, and Ci.jo alkyl-S-; 

K is selected from the group consisting of halogen, Ci.^q alkyl, Cj-iq perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, OO2H, amino, Cuo allqflamino, 02-12 diallqriamino, Ci- 
Cjo acyl, and Cuo alkoxy-CO-, and Cj.io alkyl-S-; 

20 AA 1 is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, senne, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, arginine, histidine, phenylglycine, beta-alaiune, norleucine, norvaline, alpha- 

25 aminobtt^iic acid, epsilon-aminocaptoic acid, dtruUine, hydroxyproline, ornithine, 

hoihoaiginine, saicosine, indoUne 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperid2ne carboxylic acid), O-methylserine, O-ethylserme, S-mediylcysteine, S- 
ethylcysteine, S-bcn^lcystcine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic arid, 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

30 cyclohexyl)-COOH. NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOH, trifluorobucine, and hexafluoroleucine; 

AA2 is a side chain blocked or unblocked anuno acid with the L configuration, D 
configuration, or no chiraliiy at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalaiune, 

35 tryptophan, glycine, serine, threoiune, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beia-alaninc, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon-anrinocaproic acid, citruiline, hydroxyproline, onuthine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxy lie acid, pipecolinic 
acid (2-piperidiiu: carboxylic acid), O-methylserine, O-ethylserine. S-methylcysteine, S- 
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ethylcystemc. S-benzylcystcine. NH2-CH(CH2CHEt2)-COOa alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOtt NH-,-CH(CHo- 
cyclohexyD-COOH. NH2-CH(CH2-cyclopentyl)-COOa NH2-CH(CH2-cyclobutyl>^COOH. 
NH2-CH(CH2<yctopn>pyI).COOa trifluoiDleucme. and hexaHuoioleucine: 
Si. A compound of the fonnula: 

Mi-AA-AA-AA-COOH 
or a phannacendeally acceptable salt, whoein 

Ml represents H. NH2-CO-. NH2-CS-, NH2-SO2-, X-NH-CO-. X-»N-CO-, 
X-NH-CS-. X2N-CS-. X.NH.SO2-. X2N-SO2.. X-CO-, X-CS-. X.SO2.. X.O-CO-. or X- 
10 0-CS-; 

X is selected from the group consisting of Cj-io alkyl, Cmq fluoroalkyl, Cmq alkyl 
substituted with J, Cmo fluoroalkyl substituted with J. l-admantyl, 9-fluorenyl. phenyl, 
phenyl substituted with K, phenyl disubstituted with K. phenyl trisubstituted with K. naphthyl. 
naphthyl substituted with K. naphthyl disnbsdtnted with K. naphthyl trisubstituted with K, 
15 Ci-io alkyl with an attached phenyl group. Cmq alkyl with two attached phenyl gioups. d- 
10 alkyl with an attached phenyl group substituted with K, and Cmq alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-iQ 
alkyl with an attached phenoxy group substituted with K on the phenoxy group: 

J is selected from the group consisting of halogen, COOH, OH, CN. NO2. NH2. Ci . 
20 10 alkoxy, Cmq alkylamine, C2.12 dialkylaniine. Ci-io alkyl-O-CO-, Cmq alkirl^X^Q- 
NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen, Cj. 10 alkyl, Ci.io perfluoroalkyl 
Cmo alkoxy. NO2, CN. OH, CO2H, amino. Cmq alkylamino. C2.12 dialkylamino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-. and Ci.iq alkyl-S-; 
25 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration, or no chirality at the a-carbon selected ftom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, asp^c acid, 
glutamic acid, lysine, arginine, histidine. phenylglycine. beta-alaaine, notieucine. norvaline. 
30 alpha-aminobutyric acid, epsUon-aminocaproic add. dtnilline, hydroxyproline, ornithine, 
homoarginine. sarcosine, indolinc 2-carboxylic acid, 2.azetidinecarboxylic add. pipecolirdc 
add (2.piperidine carboxylic acid). O-methylscrine. O^thylserine. S-methylcystdne, S- 
ediylcystdne. S-benzylcystcine, NH2-CH(CH2CHEt2)-COOH. alpha-aminoheptanoic add 
NH2-CH(CH2-l-napdiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOa NH2-CH(CH',- 
cyclohexyD-COOH. NH2-CH(CH2-cyclopentyl)-COOH. NH2-CH(CH2-<^cIobutylK:OOH, 
NH2-CH(CH2-cyclopropylVCOOH. tiifluoroleucine. and hexafluoroleucine; 
9. A conq)ound of the formula: 

Mi-AA-AA-AA-AA-CO-OH 
or a phai m ace u tically acceptable salt, wherdn 
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Ml represents H, NHo-CO-, NH2-CS-, NH2-SO2-. X-NH-CO-, X2N-CO., 
X-NH-CS-, X2N-CS-, X-NH-S02-. X2N.SO2-, Yi-CO-, X-CS-. X-SO2-, X^X:©-, or X- 
O-CS-; 

X is selected from the group consistmg of Ci-io allcyl, Ci-io fluoroalkyl, Ci^io aU^yl 
5 substituted with J. Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluorenyl, phenyl, 

phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstimted with K, naphthyl, 
naphthyi substituted with K, naphthyl disubstituted with K, naphthyl trisubstimted with K, 
Ci-io alkyl with an attached phenyl group, Ci-iO alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci-iQ alkyl with two attached 

10 phenyl groups substituted witii K, Ci-io alkyl widi an attached phenoxy group, and Ci.io 
alkyl witii an attached phenoxy group substituted with K on the phenoxy group; 

Yi is selected ftom the group consisting of C2- 10 Ci-io fluoroalkyl, Cuo 
alkyl substituted with J, Ci-io fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyI, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstimted with K, naphthyl, 

IS naphthyl substituted with K, naphtiiyl disubstituted with K, naphthyl trisubstimted with K, 
Ci-io alkyl with an attached phenyl group, C 1.10 alkyl with two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substimted with K, and Ci-io alkyl widi two attached 
phenyl groups substimted with K; 

J is sdected fiom tiie group consisting of halogen, COOH, OH, CN, NO2, NH2> Ci. 

20 10 alkoxy, Cmq alkylanoine, C2-I2 dialkylamine, Ci-io alkyl-OCO-, Ci-io alkyl-O-CO- 
NH-, and C 1.10 alkyl-S-; 

K is selected from the group consisting of halogen, Ci^iq alkyl, Cj.io perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci^io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, and Ci^io alkoxy-CO-, and Ci. 10 alkyl-S-; 

25 AA is a side chain blocked or unblocked amino acid with the L configuration, D 

configuration* or no cbirality at the a-carbon selected from the group consisting of alaiune, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
ttyptt^ban, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 

30 al;^-amind)utyric add, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecaiboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-mediylserine, O-ethylserine, S-methylcysteine, S- 
ediylcysteine, S*-benzylcysteine, NH2*^(^2^^^^^2)~COOEI, alpha-aminoheptanoic acid, 
NH2-CHfCH2-l-nap±yl)-COOH. NH2-CH(CH2-2-napthyl)-COOa NH2-CH(CH2- 

35 cyclohexyD^OOa NH2-CHCCH2-cyclopentyl)-COOH, NH2-CHCCH2-cyclobu^l)-COOH, 
NH2-CH(CH2-cycIopropyl)-COOH, tzifluoroleucine, and hexafluoroleucine; 
10. A conqx>und of the formula: 

Ml-AA-COOH 
or a phannaceutically accqitable salt, wheroin 
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Mi represents H, NH2-CO-, NH2-CS-. NH2-SO2-, X-NH-CO-. X2N-CO-. 
X-NH-CS-. X2N-CS-. X-NH-SO2-, X2N-SO2-, Y2-CO-. X-CS-. X-S02-rX-0-C0- or X- 
0-CS-: 

X is selected ftom the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io allgrl 
substituted with J, Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluoiBnyl, phenyl, 
phenyl substituted with K. phenyl disubstituted with K, phenyl trisubsdtuted with K, naphthyl, 
naphthyl substinited with K. naphthyl disubstituted with K, naiAthyl trisubstiuted with K, 
Ci-io alkyl with an attached phenyl group, Cmo alkyl with two attached phenyl groups, Ci- 
10 aUcyl with an attached phenyl group substituted with K, and Ci-io alkyl with two attached 
phenyl groups substituted with K, Cmq alkyl with an attached phenoxy group, and Cmq 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

Y2 is selected fixan the group consisting of Cmo alkyl, Ci-io fluMoalkyl, Ci-io 
alkyl substituted with J, Cmq fluoroalkyl substituted with J. l-adnaniyl, 9.fluorenyl, phenyl 
substituted with K. phenyl disubstituted with K, Tpbeayl trisubstitutBd with K, n^tfayl, 
naph±yl substituted with K, naphthyl disubstituted with K, naphthyl tiisubstituted wfli K, 
Cmo alkyl with an attached phenyl group, Ci-io alkyl widi two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with K. and Ci-io alkyl with two attached 
phenyl groups substituted with K; 

J is selected firom the group consisting of halogen. COOH. OH, CN, NO2, NH2, Ci- 
20 10 alkoxy. Cmq alkylamine. C2.12 dialkylamine, Cmq alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-.andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen. Cj. iq alkyl, Cj.jq perfluoroalkyl. 
Ci.io alkoxy, NO2, CN, OH. CO2H, amino. Ci.iq alkylamino, C2.12 dialkyhunino, Ci- 
Cio acyl, and Ci.io alkoxy-CO-. and Cj.iq alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chiraiity at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine. glutamine, aspartic acid, 
glutamic acid, lysine, arginine, histidine, phenylglydne, beu-alanine, norleudne, norvaline, 
aliAa-aminobutyric acid, epsilon-aminocaproic acid, dtruUine, lydroxyproUne, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2-azetidinecarboxyltc acid, pipecolinie 
acid f2-piperidine carboxylic acid), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH. NH2-CH(CH2- 
cyclohexyl)-COOH, NH2-CH(CH2-cyclopcntyl)-COOH. NH2-CH(CH2-cyclobutyl)^COOH. 
NH2-CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 
11. A compound of the formula: 

Mi-AA2-AAi-C0-0-Ri 
or a pharmaceutically accq)table salt, wherein 
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Mi represents H, NH2-CO., NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS-. X2N.CS-, X.NH-S02-» X2N.SO2-. X-CO-, X-CS-, X-SO2-. X-O-CO-, or X- 
O-CS-; 

X is selected from the group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyi 
substituted with J, Ci.io fluoroalkyl substituted with J, 1-admantyl, 9-fluoicnyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstitutcd with K, naphthyl, 
naphthyl substituted with K, naphthyl disubsdtuted with K, naphthyl trisubstimted with K, 
Ci-io alkyl with an attached phenyl group, Ci^io alkyl with two attached phenyl groups, Ci. 
1 0 alkyl witfi an attached phenyl group substituted with K, and C 10 alkyl widi two attached 
phenyl groups substituted widi K, Ci.io allgrl with an attached phenoxy group, and Ci-io 
alkyl with an attached phenoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen. COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylamine, 02-12 dialkylamine. Ci-io alkyl-O-CO-, Ci-io alkyl-O-CO- 
NH-, and Cj.io alkyl-S-; 

K is selected from the group consisting of halogen, C i^iq alkyl, Ci^iq pcrfluoroaliyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Chq alkylamino, C2.12 diallqriamino, Ci- 
Cio acyl, and Ci.io altoxy-CO-, and Cuo allgrl-S-; 

AA 1 is a side chain blocked or unblocked amino acid with the L coofiguiation, D 
configuration, or no cfairali^ at the a-carbon selected from the group consisting of alanine, 
20 valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, lysine, argininc, histidine, phenylglycine, beta-alanine, norleucine, norvalinc, alpha- 
aminobutyric acid, epsilon-aminocaproic acid, citrulline, hydroxyproline, ornithine, 
homoarginine, saxcosine, indoline 2-carboxylic acid, 2-azetidxnecarboxylic acid, pipecolinic 
acid (2-pipeiidine carboxylic acid), O-methylscrine, 0-ethylserine, S-methylcysteine, S- 
etiiylcystdne. S-brazylcystdne, NH2-CH(CH2CHEt2)-COOH, a^ha-axninoheptanoic acid, 
NH2-CHCCH2-l-napdiyl)-COOH, NH2-CH(CH2-2.napthyI)-COOH, NH2-CH(CH2- 
cyclohexyD-OXJH, NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cycIobutyl).COOH, 
NH2'"CH(CH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine; 

AA2 is a side chain blocked or unblocted amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of leucine, 
isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, 
serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, glutamic acid, lysine, 
arginine, histidine, phenylgfycxne, beta-alanine, norleucine, norvaline, alpba-airunobutyric acid, 
epsilon-aminocaproic acid, citrulline^ hydroxyproline, ornithine, homoarginine, sarcosine, 
indoline 2-carfaoxylic acid, 2-a2Btidinecarboxylic acid, pipecolinic acid (2-piperidine carboxylic 
acid), 0-methylserine, O-ethylserine, S-raethylcysteine, S-ethylcysteine, S-bcnzylcysteine, 
NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, NH2-CH(CH2-l-napthyl)-COOH, 
NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2-cyclohexyl)-COOH, NH2-CH(CH2- 
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cyclopentyD-COOa NH2-CH(CH2-cyclobutyl)-COOa NH2-C:HCCH2-cyclopropyl)-CCX>H. 
trifluoroleucine, and hexafluotoleucine: 

Rl is selected from the group consisting of H, C1.20 alkyl, C1.20 allcyl with a phenyl 
group attached to the C1.20 alkyl. and C1.20 alkyl with an attached phenyl group substituted 
withK. 

12. A compound of the fonnula: 

M1-AA-NH-CHR2-CO-CO-O-R 
or a pharmaceutically accq)table salt, wherein 

Ml represents H. NH2-CO-, NH2-CS-. NH2-S02-, X-NH-CO-, X2N-CO-, 
X-NH-CS-. X2N-CS-. X-NH-SO2-. X2N-SO2-. X-CO-. X-CS-. X-SO2-. X-0-CO-. or X- 
0-CS-: 

X is selected from the group consisting of Ci-io alkyU Ci-io fhicnoalkyl, Cmo alkyl 
substituted with J, Cmo fluoroalkyl substituted with J, 1-admanQrl, 9-fluoienyl. phenyl, 
phenyl substituted with K, phenyl disubstituted with K. phenyl trisubstituted with K, naphtlgrl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci.io alkyl with an attached phenyl group, Cmq alkyl widi two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K. and Ci-io alkyl widi two attached 
phenyl groups substituted with K, Cmo alkyl with an attached phenoxy group, and Cmq 
alkyl widi an attached phraoxy group substituted with K on the phenoxy group; 

J is selected from the group consisting of halogen. COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylamine. C2-12 dialkylamine, Cmo alkyl-O-CO-, Cmq alkyl-O-CO- 
NH-. and C 1.10 alkyl-S-; 

K is selected from the group consisting of halogen, Ci.io alkyl, Ci.io perfluoioalkyl, 
Ci.io alkoxy, NO2. CN. OH, CO2H, amino. Ci.io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyl, andCi.io alkoxy-CO-, and Ci.io alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, m no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, metiiionine, methionine sulfoxide, pheiiylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrulline. hydroxyproline, ornithine, 
homoarginine. sarcosine. indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid). 0-methylsetine, O-ethylserine, S-metiiylcysteine, S- 
ethylcysteine. S-benzylcysteine, NH2-CH(CH2CHEt2>COOH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-naptijyl).COOH, NH2-CH(CH2-2-naptiiyl).COOH, NH2-CH(CH2- 
cyclohexyl)-COOH. NH2-CH(CH2-cyclopentyl)-COOH, NH2-CH(CH2-cyclobutyl>COOH. 
iNH2-CHfCH2-cyclopropyl)-COOH, trifluoroleucine, and hexafluoroleucine: 

R2 represents Ci.g branched and unbranched alkyl, Ci.g branched and unbnmched 
cydized aUcyi, or Ci.g branched and unbranched fluoroalfyl; 
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R is selected fiom the group consisting of H, CiJiQ ^1-20 ^ phetiyl 

group attached to the C1.20 and C 1.20 alkyl with an attached phenyl group substituted 
withK.' 

13. A compound of the formula: 

M3-AA-AA-AA-C(X>R 
or a phannaceuticaUy acceptable salt, wherein 

M3 represents H. NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, 
X-NH-CS-, X2N-CS-, X.NH-SP2-, X2N-SO2-, X-CO-, X-CS-, X-SO2-, T-OCO, or X- 
0-CS-; 

X is selected ficom die gioup consisting of Ci-io alkyU Ci-io fiuoroalkyl, Ci-io alkyl 
substituted with J, Ci-io fluoroalkyl substituted with J, l-admantyl, 9-fluorenyU phcn^ 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with naphti^l, 
naphdiyl substituted with K, naphtiiyl disubstituted with K, naphthyl trisubstitoted with K, 
Cuo alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 allgri with an attached phenyl group substituted with K, and Ci-io alkyl wiA two attached 
phenyl groups substituted widi K, Ci-io alkyl with an attached phenoxy group, and Ci.io 
allgrl with an attached phenoxy group substituted with K on the phenoxy group; 

T is selected finom the group consisting of Ci^io alkyl, Cmq fluoroalkyl, Ci-io alkyl 
substituted witii J, Cuio fluoroalkyl substituted with J, 1-admantyl, 9-fluorcnyl, phenyl, 
20 phenyl substituted witii K, phenyl disubstituted with K, phenyl trisubstituted with K, naphtl^l, 
naphtiiyl substituted witfi K, naphthyl disubstituted with K» naphthyl trisubstituted widi K, 
C2-IO with an attached phenyl group. Ci-io alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K, and Ci-io alkyl widi two attached 
phenyl groups substituted witii K; 

J is selected fiom tiie group consisting of halogen, COOK OH, CN, NO2, NH2, Ci- 
10 alkoxy, Ci-iQ alkylamine, €2-12 diaDcylamine, Cuo alkyl-O-CO-, Cuo a]kyl-aCX> 
NH-, and Ci.io alkyl-S-; 

K is selected fiom die group consisting of halogen, Ci.io alkyl, Ci^io perfluoroalkyl, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci^io alkylamino, C2.12 dialkylamino, Ci- 
Cio acyU and Cuo alkoxy-CO-, and Ci.io al^l-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no cbiraliQr at the a-carbon selected fiom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, setine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, pheny Iglycine, beta-alanine, norieucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminoc^roic acid, citrulline, hydroxyproiine, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic acid, 2'a2eridinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxyiic acid), O-mctiiylserine, O-ctiiylscrine, S-methylcysteine, S- 
etiiylcysteine, S-benzykqrsteine, NH2-CH(CH2CHEt2>COOH, alpha-aminohepianoic acid. 
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NH2-CH(CH2-l-napthyl)-COOa NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH'>- 
cyclohexyD-COOH. NH2-CH(CH2-cyclopcntyl)-COOH, NH2-CH«:H2-cyclobuiylKXX)a 
NH2-CHCCH2-cyclopropyl)-CCX)H, trifluoroleucine. and hexafluoroleucine: 

R is selected from the group consisting of H, C2.20 alkyl, Ci.20 alkyl with a phenyl 
group attached to the C1.20 alkyl, and C1.20 with an attached phenyl group substituted 
withK. 

14. A compound of the fonnula: 

M3-AA-AA-NH-CHR2-CC>CO-0-R 
or a phannaceutically accqjtable salt, wherein 

M3 represents H, NH2-CO-. NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-. 
X-NH-CS-, X2N.CS-, X-NH-SO2-, X2N-SO2-. X-CO. X-CS-. X.SO2-, T-O-CO. or X- 
0-CS-; 

X is selected from the group consisting of Cmq alkyl, Cmo fluoioalkyl, Cmo alkyl 
substimted with J, Cmq fluoroalkyl substituted widi J, l-admantyl, 9-fluoienyl, phei^l, 
phenyl substituted with K, phenyl disubstimted widi K, phenyl tiisubstitnted with K, napbtfayl. 
naphdiyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstimted with K, 
Cmo alkyl widi an attached phenyl group, Cmq alkyl with two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with K, and Cmo alkyl with two attached 
phenyl groups substituted with K, Cmo alkyl widi an attached phenoxy group, and Cmq 
20 alkyl with an attached phenoxy group substinited with K on the phenoxy group; 

T is selected from the group consisting of Cmq alkyl, Cmq fluoroalkyl, Cmo alkyl 
substinited with J, Cmo fluoroalkyl substituted with J. l-admantyl, 9-fluorenyl. phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl uisubstitutBd with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tiisubstituted with K, 
C2-IO alkyl with an attached phenyl group. Cmq alkyl with two attached phenyl groups, Ci. 
10 alkyl with an attached phenyl group substituted with K, and Cmq aDcyl with two an yrhH 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Ci- 
10 alkoxy, Cmo alkylamine. Cmo dialkylamine, Cmq aDcyM>CO-, Cmo alkyl-O-CO- 
NH-,andCi.ioalkyl-S-: 

K is selected from the group consisting of halogen, Ci.jq alkyl, Cj.io peiflnoroalkyl, 
Cmo alkoxy, NO2. CN, OH. CO2H. amino. Cmo alkylamino, C2.12 dialkylamine, Ci- 
Cio acyl. and Cj.io alkoxy-CO-, and Cmq alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration. D 
configurarion, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspanic acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beu-alanine, noileucine. norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic add. dtrulline, hydroxypwriine, ornithine. 
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homoargiiime* saicosine, indoline 2-carboxylic add, 2-azetidmecarboxyIic add, pipecolinic 
add (2-piperidine carboxylic acid), O-methylserine, 0-ethylserine, S-methylcystdne, S- 
ethylcystdne, S-benzylcysteine, NH2-CH{CH2CHEt2)-C(X)H, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthylKOOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
5 cyclohexyD-COOH, NH2-CH(CH2-cyclopcntyI)-COOH, NH2-CH(CH2-cyclobutyl)-CCX)H, 
NH2"CH(CH2-cyclopiDpyl)-COOH, trifluoroleucine, and hcxafluoroleucinc; 

R2 xqptesents Ci.g branched and unbianched alkyl, Ci.g branched and unbranched 
cyclized alkyl, or Cx^ branched and unbranched fluoioalkyl; 

R is selected fiom the group consisting of H, C 1.20 ^ 1-20 ^ phenyl 

10 group attached to the C1.20 ^ ^1-20 ^ attached phenyl group substituted 

withK. 

15. A compound of the formula: 

M3-AA4.AA-AA-AA-CaOR 
or a phannaceutically acceptable salt, wherein 
15 M3 represents H, NH2-CO-, NH2-CS-, NH2-S02-, X-NH-CO-, X2N-C0-, 

X-NH-CS-, X2N-CS-, X.NH-S02-, X2N-SO2-, X-CO-. X-CS-, X.SO2-, T-0-CO-. or X- 
O-CS-; 

X is selected from the group consisting of Ci-io aUcyl, Ci-io fluoroalkyl, Ci-io al^^ 
substituted with J, Ci-io fluoroalkyl substituted with J, 1-admanQrl, 9-fluorenyl, phenyl, 

20 phenyl substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphdiyi subsdtuted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 all^l with an attached phenyl group subsdtuted with K, and Ci^io alkyl with two attached 
phenyl groups substituted with K, Ci-io alkyl with an attached phenoxy group, and Ci-iQ 

25 alkyl with an attached phenoxy group subsdtuted with K on the phenoxy group; 

T is selected ficom die group consisting of Ci-io alkyl, Ci-io fluoroalkyl, Ci-io alkyl 
substituted with J, Ci.io fluoroalkyl subsdtuted with J, l-admantyl, 9-fluorenyl, phenyl, 
phenyl substituted with K, phenyl disubstituted with K, phenyl trisubsdtuted with K, naphthyl, 
naphthyl subsdtuted with K, naphthyl disubstituted with K, naphthyl trisubsdtuted with E, 

3D C2-IO alkyl with an attached phenyl group, Ci-io alkyl with two attached phenyl groups, Ci- 
10 alkyl with an attached phenyl group substituted with K« and Ci-io alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CM, N02> NH2» Ci. 
10 alkoxy, Ci-io allgrlamine, C2.12 dialkylantine, Ci-io alkyl-O-CO, C^io allqrl-O-CO- 

35 NH-, and Ci.jq alkyl-S-; 

K is sdected from the group consisting of halogen, Ci.io alkyl, Ci.jo perfluoroal^l, 
Ci.io alkoxy, NO2, CN, OH, CO2H, amino, Ci^iq alkylamino, C2.12 dialkylanuno, Ci- 
Cio acyl, and Ci.jo alkoxy-CO-. and Ci. iq alkyl-S-; 
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AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the o-carbon selected from the group consisting of alanine, 
valine, leucine, xsoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, asp^c acid, 
glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine. noileucine, norvaline. 
alpha-aminobutyric acid, cpsilon-aminocaproic acid, citruUine, hydioxyproUne. ornithine, 
homoarginine, saicosine, indoUne 2-carboxylic acid, 2.azeiidinecarboxylic add. pipecolinic 
acid a-piperidine carboxyUc acid). O-methylserine, O-ethylserine, S-methylcystcine, S- 
ediylcystcine, S-benzylcysteine. NH2-CH(CH2CHEt2K:CX)H, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyl)-COOH. NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
cydohexyD-COOH, NH2-CH(CH2-cycIopentyl)-CCX)H, NH2-CH(CH2-cyclobutylKXX)H, 
NH2-C3i(CH2-cyclopropyl)-COOH, tiifluoroleucine, and hexailuoioleucine:: 

AA4 is a side chain bkwked or unblocked amino acid with the L configuration, D 
configuration, or no cWiaUty at the a-carbon sdected ftom the group consisting of leudne. 
isoleucine, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, serine, ' 
threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic add, lysine, * 
arginine, histidine, phenylglycine, beta-alanine. norleucine. norvaline. alpha-aminobutyric add, 
epsilon-aminocaproic acid, citruUine, hydroxyproline, ornithine, homoarginine. sarcosine, 
indoline 2-carboxyIic add, 2-a2etidinccarboxylic acid, pipecolinic add a-piperidine carboxylic 
add), O-methylserine, O-ethylserine, S-methylcystdne. S-ethylcystdne, S-benzylcysteine, 
NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptandc acid, NH2-CHfCH2-l-napthyl)-COOH 
NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2-cyclohexyl)-COOH. NH2-CH(CH2- 
cyclopentyl)<:OOH. NH2-CH(CH2-cyclobutyl)-COOH. NH2-CH(CH2-cyclopropyl)<:OOH. 
tiiflwKoleucine. and hexafluoroleucine; 

R is selected from the group consisting of H. C1.20 alkyl, C1.20 alkyl with a phenyl 
group attadied to die C1.20 altyl. and C1.20 alkyl with an attached phenyl group substituted 
with K. 

16. A compound of the fonnula: 
Mi-AA-CO-O-R 
30 or a pharmaceutically acceptable salt wherein 

Ml represents H, NH2-CO-. NH2-CS-, NH2-SO2-. X-NH-CO-, X2N.CO-, 
X-NH-CS-, X2N-CS-, X.NH-SO2-. X2N-SO2-. Y-CO-, X-CS-, X-SO>, X-O-CO-. or X- 
0-CS-: 

X is sdected from the group consisting of C^o alkyl. Cmq Ouoroalkyl, Ci-io alkyl 
35 substituted with J, Cmq fluoroalkyl substinited with J. 1-admantyl. 9-fluorenyl, phenyl. 

phenyl substituted with K, phenyl disubstituted with K. phenyl trisubstituted with K, naphthyl. 
naphthyl substituted with K. naphthyl disubstimted with K, naphthyl trisubstituted with K, 
Ci-io alkyl with an attached phenyl group, Cmo alkyl widt two attached phenyl groups. Ci. 
10 alkyl with an attached phenyl group substimted with K, and Ci-io alkyl with two attached 



20 



25 
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phenyl groups substimted with K, Ci-io alkyl wiih an attached phenoxy group, and Ci-lO 
alkyi with an attached phenoxy group substituted with K on the phenoxy group: 

Y is sdected from the group consisting of Ce-lO alkyl, Ci-io fluoroalkyl, Ci^io alkyl 
substituted widi J, Ci-iO fluoroalkyl substituted with J, l-admantyl, 9-fluorenyl, phenyl 

5 substituted with K, phenyl disubstitoted with K, phenyl trisubstituted with K, naphthyl, 

naphthyl substituted with K, naphthyl disubstitutcd with K, naphthyl trisubstituted with K, Ci- 
10 alkyl with an attached phenyl group, Ci-io alkyl with two aoached phenyl groups, Ci-io 
alkyl with an attached phenyl group substituted with K, and Ci.io alkyl with two attached 
phenyl groups substituted with K; 

10 J is selected firom the group consisting of halogen, CCX)H, OH, CN, N02» NH2, Ci. 

10 alkoxy, Cuo alkylamine, €2-12 dialkylaxnine, Ci-io alkyl-O-CO-, Cuio alkyl-O-CO- 
NH-, andCi.ioalkyl-S-; 

K is selected from the group consisting of halogen, Ci-io alkyl, Cj^iq perfluoroalkyl, 
Ci^io alkoxy, NO2, CN, OH, CO2H, amino, Ci.iQ alkyiamino, C2.12 dialkylamino, Ci- 

15 Cio acyl, and Ci.io alkoxy-CO-, and Cuo alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alaiune, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 

20 glutamic acid, lysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
alpha-aminobutyric acid, epsilon-aminocaproic acid, citrullinc, hydroxyproline, ornithine, 
homoarginine, saicosine, indoline 2-carboxylic acid, 2-azetidinecarboxylic acid, pipecolinic 
acid (2-piperidine carboxylic acid), O-methylseiine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzykgrsteine, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic acid, 

25 NH2-CH(CH2-l-naptiiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOa NH2-CH(CH2- 

cycIohexyl)-COOH. NH2-CH(CH2-cyctopentyl)-COOH, NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-cyclopropyl)-COOK, trifluotoleucine, and hexafluoroleucine; 

R is selected from the group consisting of H, C1.20 alkyl, C1.20 alkyl with a phenyl 
group attached to the C1.20 alkyl, and C1.20 alkyl with an attached phenyl group substimted 

30 witiiK. 
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ridlffls 1-16 read on a diversity of distinct inventions depending 
upon the structure of the compounds being claims. In general the 
claims read on compounds of the formula 

M-(AA),-CO-R. 

Distinct inventions are represented bv compounds of 

A. Groups T-XXTI wherein n=l, R^NRjRj. is a heterocyclic 

amino acid and 

I. M is hydrogen. 
II . M is X;-N-CG- -'werti? 1 is s sr ityih ni ? '.i ■'■ t i' . 

Ill .Mis " «• ^ '-i ^ 

r iai 5 ;i V * '• . 

TV. M is " -^ifirtis r >.5it '.w Us ft^^fwl isi -Hfc if^^^ 

I or n isi 5 if ? i" , 



V. M Is 
VI. M is " 



saJsti'tote" iliy: or as defiEed ie frojss !- 1! it HI iJJ ^ 'n 5 « -"■ -• 

•'rtereii it l^ist an? I is irylox? -.f uvlox? sibsiitited ^W'^}}^ ' '^ ^ "! 
or jr»}oit sabsxli!i'.fcd aisy] sr a hiim ii Srssps ;. ~. "I ar !« 5ss 5 :f 5 v ? f 

VII. M is X2-N-SO2- •»h««is 1 Is 5 It icycUc- r 
VTII . M is " -tteeii « '-««'■ «e ^ '^^ iajatjl isi ^ie stief I is limc?' ts •K:iiis4 -.s ioij 

IX. M is " '^^efeit it i**" I ''^^ ^ " -•''''"-"^ " '* "^'^-^ 

7 Af TTt ^ 

ig " ■■Amii K ls4Si »oe I :i if /I ir uil sibstitatei J'iiyj iii cb- ••iMr 1 U «Ti 
in3 8«bsiitrtd iliyi ar as Jefisei h Jrojjs 1. 1: or IIV- . 



XI. M is 



jrylsi! anriwi saostitstes diyl or ss JsfiMi is ^rouss 1. 1!. IH I" , 
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:ai. 


M 


is X 


-CG- 




XTII. 


M 


is 


It 


•#'»?r?ip I ,h jCJi.riy- iPS G is or J- , 


XIV. 


M 


is 


II 


'fS-r-i'! I '.i :'vif92if: la 0 . 


KV. 


M 


is 


fl 


mmit 1 :5 sryi ir srv} irfisiitoiiti a5<]fl ass a is -^r , 


X\*T. 


M 


is 


•1 


•:*r*riii Z \i iryi'jxi :? \n\)x} swstitqrri uijl ui ^ it ; !• . 


XVI T. 


M 


is X 


-SO:- 




XVTIT. 


M 


is 


tl 


imreii! I is iMaciy!' , 


XIX. 


M 


Is 


II 




XX. 


M 


is 


■1 


imr^h I is arjj or aryl substititei aliyl* , 


XXI. 


M 


is 


11 




XXII. 


M 


is X- 


-0-CG 


- (rierei? I -5 r or acyclic ioi S is 0 or V , 


XXIII. 


M 


is 


tl 


U\m\i I is i^ianil \ii ^ is 0 or J* , 


XXIV. 


M 


is 


It 


(viiKreifi I •$ fjaoreiV: afld £ 0 ar S- , 


XXV. 


M 


Is 


11 


*ii«fe:5 1 \i if/'i ifjfi sibstititiii taj ? is } u SI , 


XXVI. 


M 


is 


•I 


firbereiii I is aryioxy 3r aryhxy HsbsiilaUd ^sd C is 0 or S- , 


B. 


Groups 


XXVII-LIT wherein n=l. RsNR^Rj r AA is an 



amino acid and M is as defined in Groups I-XXVI respectively. 

C. Groups LIII-LXXVIII wherein n=l, R=N'R3Rp AA is a cyclic 
amino acid and M is as defined in Groups T-XXVI respectively, 

D. Groups LXXIX-CIV wherein n=l, R=NRjRi, AA is an acyclic 
amino acid and M is as defined in Groups I-XXVI respectively, 

E. Groups CV-CXXX wherein n=2, R^NR^R^ , at least one AA Is a 
heterocyclic amino acid and M is as defined in Groups T-XXVT 
respectively # 
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F. Groups C!fXXI-CLVI wherein n=2. R=NR,R., at least one AA is 
an aromatic amino acid and the other AA's are not heterocyclic and 
M is as defined in Groups I-XX\-T respectively, 

G. Groups CLVIT-CLXXXIT wherein n=2. R=NR,R: . at least one AA 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVI respectively, 

H. Groups CLXXXTII-CCVTII >.herein n=2, R=NRJ?4^ AA is an 
acyclic amino acid and the other AA is not heterocyclic, aromatic 
or cyclic and M is as defined in Groups I-XX\'I respectively, 

T. Groups CCIX-CCXXXIV wherein n=3, R=NR,Ri, at least one AA 
is a heterocyclic amino acid and M is as defined in Groups T-XXVI 
respectively , 

J. Groups CCXXXV-CCLX wherein n=3, R=NRiRi, at least one AA is 
an aromatic amino acid and the other AA's are not heterocyclic and 
M is as defined in Groups T-XXVI respectively, 

K. Groups CCLXI-CCLXXXVI wherein n=3, R=NR,Ri , at least one AA 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVT respectively, 

L. Groups CCLXXXVII-CCCXIT wherein n«3, R^NR^Ri, at least one 
AA is an acyclic amino acid and the other AA's are not 
heterocyclic, aromatic or cyclic and M is as defined in Groups I- 

XXVI respectively, 

M. Groups CCCXTIT-CCCXXXVTTT therein n=4, R=NR,Ri. at least one 
.A.A is a heterocyclic amino acid and M is as defined in Groups T- 
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XXVI respectively, 

Groups CCCXXXIX-CCCLXIV wherein n=4, R=NRiR: , at least one 
AA is an aromatic amino acid and the other AA's are not 
heterocyclic and M is as defined in Groups I-XXVI respectively, 

O. Groups CCCXLV-CCCXC wherein n=4, R=NRiRj, at least one AA 
is a cyclic amino acid and the other AA's are not heterocyclic or 
aromatic and M is as defined in Groups I-XXVI respectively, 

P. Groups CCCXCI-CMXVI wherein n=4, R=NRiR.r at least one AA 
is an acyclic amino acid and the other AA's are not heterocyclic, 
aromatic or cyclic and M is as defined in Groups I-XXVT 
respectively, 

Q. Groups CMXVII-CMXLII wherein n=l, R = -OH or an ester 
moiety, AA is a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

R. Groups CMXLIII-CMLX^'III wherein n=l, R - -OH or an ester 
moiety, AA is an aromatic amino acid and M is as defined in Groups 
T-XXVI respectively, 

S. Groups CMLXIX-CMXCIV wherein n=l, R = -OH or an ester 
moiety, AA is a cyclic amino acid and M is as defined in Groups I- 
XXVI respectively, 

T. Groups CMXCV-MXX wherein n=l, R = -OH or an ester moiety, 
AA is an acyclic amino acid and M is as defined in Groups I-XX\'T 
respectively, 

U, Groups MXXI-MXLVI wherein n=2, R = -OH or an ester moiety. 
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at least one AA ts a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

V. Groups MXLVII-MLXXII wherein n=2, R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA's are not heterocyclic and M is as defined in Groups I-XXV^I 
respectively, 

W. Groups MLXXTIT-MXCVIII wherein n=2, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA's 
are not heterocyclic or aromatic and M is as defined in Groups I- 

XXVI respectively, 

X. Groups MXCIX-MCXXIV wherein n=2, R = -OH or an ester 
moiety, AA is an acyclic amino acid and the other AA is not 
heterocyclic, aromatic or cyclic and M is as defined in Groups I- 

XXVI respectively, 

Y. Groups MCXXV-MCL wherein n=3, R = -OH or an ester moiety, 
at least one AA is a heterocyclic amino acid and M is as defined in 
Groups I-XXVI respectively, 

Z. Groups MCLI-MCLXXVI wherein n=3. R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA-s are not heterocyclic and M is as defined in Groups I-XXVT 
respectively, 

AA. Groups MCLXXVII-MCCIT wherein a=3, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other .AA's 
are not heterocyclic or aromatic and M is as defined in Groups I- 
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XXVI respectively, 

BB. Groups MCCIII-MCCXXVIII wherein n=3r R = -OH or an ester 
iDoiety, at least one AA is an acyclic amino acid and the other AA's 
are not heterocyclic, aromatic or cyclic and M is as defined in 
Groups r-XXVT respectively, 

CC. Groups MCCXXTX-MCCLIV wherein n=4, R = -OH or an ester 
moiety, at least one AA is a heterocyclic amino acid and M is as 
defined in Groups I-XXVI respectively, 

DD. Groups MCCLV-MCCLXXX wherein n=4, R = -OH or an ester 
moiety, at least one AA is an aromatic amino acid and the other 
AA*s are not heterocyclic and M is as defined in Groups I-XXVI 
respectively, 

EE. Groups MCCLXXXI-MCCCVI wherein n=4, R = -OH or an ester 
moiety, at least one AA is a cyclic amino acid and the other AA's 
are not heterocyclic or aromatic and M is as defined in Groups I- 
XXVT respectively, 

FF. Groups MCCCVII-MCCCXXXII wherein n=4, R = -OH or an ester 
moiety, at least one AA is an acyclic amino acid and the other AA's 
are not heterocyclic, aromatic or cyclic and M is as defined in 
Groups I-XXVI respectively. 

As set forth above, Group I is not the first appearing 
invention. The above order was used to set forth the distinct 
inventions in a systematic way and not in the order that the 
inventions appear in the claims. The first appearing invention in 



I 
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claim 1 would correspond to the compounds wherein n=2. R=NRjR4. at 
least one AA is an acyclic amino acid and the other A.Vs are not 
heterocyclic, aromatic or cyclic and M is hydrogen which are 
compoi^nds falling with Group CLXXXIII. The international search 
has been established on this invention. 
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